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Progress 1958 


Heavy Engineering and Plant 


STEAM TURBO-GENERATORS. 

The focal point in the year’s activities has been the 
development and active project work on large reheat 
turbo-generators. This includes further examination 
of super-critical-pressure steam cycles. 

For the first time, consideration is being given to steam 
turbo-generator ratings of 200 MW in territories other 
than Britain and the North American Continent. 

Particular development is anticipated in Australia 
where two stations, both with 200 MW sets, are being 
planned, suitable for steam pressure of 2,300 Ib./sq. in. 
at 1,050 deg. F. and with steam reheated to 1,000 deg. F. 

Other plant for Australia includes a 30 MW set for 
Mount Isa Mines, which will form part of a compre- 
hensive contract already under site construction and 
referred to in previous issues. 

New Zealand is the source of an interesting order for 


a 10 MW back-pressure set designed to operate from 
a geothermal steam source. This is for the Tasman 
Pulp & Paper Co. 

During the year work commenced on the last 
two 120 MW reheat turbo-generators for the North- 
fleet Generating Station of the Central Electricity 
Generating Board. The station will have an ultimate 
generating capacity of 720 MW. This class of set is 
also typical of many overseas projects. 

The two 60 MW turbo-alternators, which were 
installed in the Poole Generating Station of the C.E.G.B. 
in 1958, are of the latest design for this rating, the 
rotor conductors being cooled by direct contact with 
the hydrogen, while the core and stator windings are 
ventilated in the conventional way. 

The first unit, which was synchronised to the bars 
in May, was also the first alternator designed to 





Fig. |.—60 MW direct-cooled turbo-alternator at Poole Generating Station. 
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operate at a hydrogen pressure of 30 Ib./sq. in. to 
be commissioned in England. Since that date much 
invaluable operating experience has been obtained. 
In particular it has been determined that the rate 
of hydrogen consumption does not increase pro 
rata with the pressure and, in fact, is not very much 
greater than that of a conventionally cooled alternator 
running at a hydrogen pressure of 4} lb./sq. in. 





Fig. 2.—Auxiliary bush for stator water connections. 


Furthermore, a number of problems associated with 
use of hydrogen virtually disappear at the higher 
pressure and although complete control equipment 
and alarms have been provided on both machines 
there is no doubt that the arrangement could be greatly 
simplified. More recently, an extensive series of tests 
has been made on one alternator and its associated 
automatic voltage regulator, and the performance of 
the whole unit was completely satisfactory. 

The opportunity was also taken to obtain data 
relating to the characteristics of the alternator run- 
ning asynchronously as an induction generator and 
to check the effect of coarse synchronising, i.e. con- 
necting the unexcited alternator to the bars when 
running at about 3,000 r.p.m. 

The manufacture of the 60 MW alternator with 
water-cooled stator windings is well advanced. As 
was explained in an earlier issue* the application of 
liquid cooling to a machine of this rating is solely to 
obtain construction and operating experience prior to 
building larger units. All the stator conductor bars 
have been formed without difficulty, using standard 
jigs and techniques and bending the interleaved strips 
and tubes at the same time in normal batches. Fur- 
ther consideration has been given to the method of 


* G.E.C. Journal, Vol. 24, pp. 149-154, July, 1957. 


jointing the conductor tubes at the coil ends and of 
making the tappings for the water connections. A 
very simple arrangement has been developed which 
maintains uniform thermal conditions throughout 
the windings without introducing greater rigidity at 
the tappings, which might lead to higher stress at 
these points under short-circuit conditions. Since on 
this machine the conductors of one phase are all 
connected in series, to provide four water-circuits in 
parallel in each phase it has been necessary to arrange 
three intermediate tapping points to the windings in 
addition to using the phase and neutral terminal 
bushings. To meet this condition special auxiliary 
bushings each accommodating three tubes have been 
cast in epoxy resin by the Witton Laboratories, one 
type being illustrated in fig. 2. Within the stator 
these tubes are connected to insulated copper pipes 
mounted behind the stator core and carrying the 
water to or from the windings. 


COMMISSIONING AND FIELD TESTS. 


As mentioned in the previous section, a new type of 
large automatic voltage regulator has been success- 
fully commissioned. The regulator (type CVR7) 
incorporates a continuously acting magnetic amplifier 
with no moving parts, and is installed at Poole Power 
Station on the first of the Company’s 60 MW direct- 
hydrogen-cooled alternators. This type of regulator is 
becoming increasingly important as it enables alter- 
nators to be run at rotor angles well past the pre- 
viously accepted limiting angle of 90 deg., while 
still maintaining completely stable and reliable MW 
and leading MVAr generation. It also requires less 
maintenance than the earlier electro-mechanical 
regulators. 








Fig. 3.—Voltage regulator equipment at Poole Power 
Station. 
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The G.E.C. has had considerable experience in the 
application of large magnetic amplifiers to the auto- 
matic control of industrial equipment such as colliery 
winders and rolling mills and also in the design of 
high-sensitivity, quick-response voltage regulators 
for special alternators. The new CVR7 regulator is 
capable of controlling the largest alternators and 
incorporates several exclusive features some of which 
are unique for regulators of this size and importance. 
The most interesting of these features can be sum- 
marised as follows : 

(i) The regulator employs a 15 kVA magnetic 
amplifier for directly controlling the field of 
the exciter by static equipment. 

(7) A 400 c/s homopolar alternator overhung on 
the main exciter shaft energises the magnetic 
amplifiers. This high-frequency supply en- 
sures a very high speed of response and 
enables the amplifiers to be reduced in size. 

(iit) The new rotor-angle limiter device type KAL 
which is incorporated will automatically turn 
the regulator into a rotor-angle regulator 
instead of a voltage regulator whenever the set 
maximum rotor angle is reached. A signal for 
this is obtained from a permanent-magnet 
alternator attached to the shaft which gives an 
accurate rotor angle signal during steady-state 
and transient conditions. 

(iv) A rotor-angle indicator fed from the permanent- 
magnet alternator is fitted in the control room. 
This device gives a continuous and accurate 
indication of the stability of the set under 
all system conditions and voltages. 

(v) An induction regulator is employed to give 
smooth stepless control of the excitation on 
hand control. 

(vi) A much simplified changeover from hand to 
automatic control is provided and the circuit 
incorporates automatic hand-follow-up when 
on a.v.r. control. 

Extensive tests were carried out on the regulator and 
alternator and over seventy elaborate transient re- 
cordings were taken during various synchronous and 
asynchronous running tests. Of particular practical 
interest were tests proving that the alternator could be 
directly controlled by the rotor-angle limiter equip- 
ment instead of the voltage regulator circuit. This 
made the equipment a completely stable rotor-angle 
regulator for normal steady-state running. 

The action of the rotor-angle limiter during transient 
conditions was tested by running the set on a.v.r. 
control, and then suddenly reducing the field to 
zero or switching out an added series reactor. Both 
of these operations caused immediate loss of synchron- 
ism and a large system disturbance when the rotor- 
angle limiter was not in service. With the limiter in 
service, however, the set was invariably “ caught ” 
before it had fallen out of step, and was held correctly 
at the required limiter setting. 

A further original test was to remove all field from 
the set when running at 60 MW and, after several 
seconds of fast pole-slipping, to restore the set sud- 


denly to a.v.r. control. This invariably caused an 
immediate pull back into step, the strong positive 
forcing of the regulator equipment giving a very 
strong polarisation of the alternator rotor, thus pre- 
venting any further pole-slipping. 


DEVELOPMENT. 
BLADING. 

Emphasis has been placed on the development 
of large turbo-generator designs and particular 
attention has been paid to the satisfactory development 
of the very long blades required for the exhaust flow of 
turbines of very large ratings, that is from 200 to 600 
MW. The design of such blades of 32 in. length and 
92 in. mean diameter has been completed. 





Fig. 4.—Exhaust blades for large turbines. 


The blading in its vortex form, riveted root fixing, 
and with continuous shrouding at the tips, follows the 
same technique as the well-established G.E.C. practice. 
Fig. 4 shows a group of blades assembled for vibration 
testing ; in this rig the root form of the blade and also 
the patented inverted arch shrouding can be clearly 
seen. The complete absence of lacing wires is note- 
worthy, and the method of fixing permits individual 
blades and shrouding segments to be replaced if 
accidentally damaged. 

This form of construction is particularly suited to 
the high peripheral speeds necessary to provide an 
adequate exhaust area in large-rating reheat machines 
and is exceptionally good both in performance and in 
limiting blade erosion. 

During the year, the 27 in. blades, which are of 
similar geometric pattern to the new development (and 
as adopted on G.E.C. 120 MW reheat machines), 
have been in production and tests have confirmed the 
calculated vibrational characteristics. 
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ON-LOAD TESTING. 

The safety protection of turbo-generator plant is a 
subject on which more attention has been focused 
with the increased ratings now being adopted. Parti- 
cular attention has been given to reheat machines, 
where adequate measures must be taken to avoid 
overspeeding in the event of the generator accidentally 
shedding full load. The expansion of the steam in the 
piping and cylinders of the set in such an event would 
be capable of accelerating the machine to an objec- 
tionable overspeed within a second should the valves 
not operate correctly. The response of the governing 
system on such valves is of great importance, and the 
device adopted for this was the subject of illustration 
and comment in earlier issues. Such governing arrange- 
ments invariably employ two lines of protection so that 
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if any one valve fails, the safety of the machine and 
personnel is not jeopardised. 

Although all large G.E.C. machines are suited for 
operation on a shift-work basis, that is shutting down 
and starting up every day, it is natural that machines of 
this efficiency will be operated as base-load sets and at 
full load for very extended periods. This means that 
the valves are fully open and not exercised, and a 
sudden emergency may find one or more of the 
valves inoperative after a long period of working 
in extremely onerous conditions with temperatures of 
over 1,000 deg. F. 

It is to cover this possibility that particular attention 
has been paid to the development of on-load test gear. 
This provides a foolproof method of testing each 
device individually while the turbine continues to 
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Fig. 5.—On-load testing of reheat interceptor and emergency valves. 
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Fig. 6.—On-load testing of emergency governor bolts. 


operate on-load ; moreover, it does not in any way 
prejudice the safety of the set should an emergency 
arise while actually conducting a proof test. 

The equipment tested by these means on a typical 
large reheat turbine would be the two individual over- 
speed trip bolts, two h.p. steam emergency valves, 
four h.p. steam governing valves, two reheat inter- 
ceptor valves and two reheat emergency stop valves. 
Each of these items is arranged so that it can be 
exercised at will, one at a time, in a routine fashion, 
thus proving its correct functioning and freedom to 
operate. The gear by which this is accomplished in a 
fully interlocked sequence of operations is illustrated 
in the two accompanying diagrams, fig. 5 and 6. 


SLIP-ENERGY RECOVERY. 

In the January, 1958, issue of the G.E.C. Journal, 
reference was made to an order for four 6,500 h.p., 
11 kV, 2,920 r.p.m. motors for the boiler plant supply- 
ing the 200 MW turbo-alternators at the West 
Thurrock Power Station. Since that time the instal- 
lation of equipment to recover a considerable pro- 
portion of the slip energy which would otherwise be 
dissipated in the liquid controller has been discussed 
in detail and the G.E.C. scheme has been approved. 
The practice of slip-energy recovery is likely to be 


extended to many other drives involving large variable- 
speed slipring motors which normally run for pro- 
longed periods below their top speed. 

The slip output of the rotor of the main machine 
(which is at variable frequency and voltage) is rectified 
and fed into a d.c. motor, instead of being dissipated in 
the rotor resistor. The d.c. motor is preferably 
coupled to the main motor shaft where the output 
from the d.c. machine automatically assists the main 
motor by providing power direct to the drive. With 
this arrangement some 85 to 88 per cent of the power 
which would be lost in the resistor is usefully em- 
ployed. In some cases, e.g. high-speed or very low- 
speed main drives, it is inconvenient to couple the d.c. 
motor directly to the main shaft. Two courses are 
then open, the first is to employ a geared coupling and 
the second to couple the d.c. motor to an induction 
generator and to feed the output of this generator back 
into the 50 c/s distribution system. In the last-men- 
tioned case some 75 to 80 per cent of the rotor output 
is usefully employed. 


A BOILER FEED PUMP DRIVE. 


A boiler feed pump motor absorbing 4,600 h.p. at 
2,710 r.p.m. at the maximum continuous rating of the 
turbo-alternator, and requiring a speed range of 2,650- 
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duction generator I.G. serv- 
ing as a squirrel-cage motor. 
At this stage the M.G. set 
takes power from the a.c. 
system. 

After suitably adjusting the 
field of the d.c. motor on the 
trimming resistor TR, circuit 
breaker CB3 is closed and 
CB2 is opened thereby trans- 
ferring without shock the slip 
output of the main motor 
from the liquid controller to 
the energy recovery plant. 
The speed of the main motor 
is now controlled by varying 
the field of the d.c. motor by 
adjustment of the field regu- 
lator P.R. The field regulator 
is mechanically coupled to 
the liquid controller so that at 
all times the liquid controller 
is shadowing the energy 
recovery plant. Thus in an 
emergency a quick change- 
over can be made with little 
disturbance to the main 
drive. 

It is estimated that at the 
maximum continuous rating 
of the turbo-alternator some 
Fig. 8.—44,000 h.p. compressor set in the National Gas Turbine Establishment at Pyestock. 280 kW will be fed back into 
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the 415 V system to offset some of the power required 
to drive the power station auxiliaries. 


COMPRESSORS. 


Seven compressors and blowers for various require- 
ments were ordered during the year, and two are 
of special interest. The first is for a motor-driven com- 
pressor delivering air at 300 lb./sq. in. for a wind 
tunnel and was ordered by the Government of Canada. 
The 11,250 h.p. synchronous motor runs at 1,200 
r.p.m. and drives the l.p. and h.p. compressors 
in‘tandem through epicyclic gears at 4,500 r.p.m. and 
10,000 r.p.m. respectively. The second order is for a 





90,000 c.f.m. turbo-blower for the Newcastle, New 
South Wales, steelworks of the Broken Hill Proprietary 
Co. Ltd. 


ORE PREPARATION PLANT. 


In the past twelve months the iron and steel in- 
dustry has shown increased recognition of the need for 
preparation of ore by sintering. This process, which 
reduces costs and increases efficiency, requires accurate 
blending of the ores and considerable interest has been 
shown in the Robins Messiter reclaiming system. 

Among the plant in course of manufacture is a con- 
veyor system for an ore preparation and sintering plant 


Fig. 9.—36 in. x 24 in. Blake crusher for gold ore. 


for John Lysaght’s Scunthorpe Works Limited, closely 
following the pattern of the recent Seraphim extensions 
at the Appleby-Frodingham Steel Co. Ltd., Scunthorpe. 
The plant has a capacity of about 600 tons per hour 
and this extensive contract, which is valued at over 
half a million pounds, includes the hammer mills for 
tertiary crushing and a 60 ton waggon tippler. 
Another interesting contract in hand is a gold-ore 
crushing and screening plant which is being supplied 
to the St. John d’el Rey Mining Co. Ltd. for their 
Brazilian mine. 
This plant has a nominal capacity of 100 tons per 
hour of run-of-mine ore which has to be reduced to 
$ in. The run-of-mine ore is dumped by a tippler 








over a stationary grizzley, the oversize going to a 
G.E.C. 36 in. x 24 in. Blake crusher. This machine 
is shown erected for test in the works in fig. 9. It is 
of sectionalised steel construction and is driven 
through a vee-belt drive by an 85 h.p. 730 r.p.m. 
totally enclosed, fan-cooled, dust and weatherproof, 
slipring motor. 

The product, together with the grizzley undersize, 
then passes along a 24 in. inclined belt conveyor at 
some 255 ft. centres, to an existing faria bin. The 
conveyor is equipped with a 43 in. diameter Witton- 
Kramer suspended-type separator magnet operating 
on an overhead four-wheel gear trolley carrying the 
associated control gear and rectifier unit. 
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The discharge of the —3 in. material from the faria 
bin is regulated by a 33 in. diameter x5 ft. 2 in. long 
roll feeder, the feed being infinitely variable between 
1-38 and 4:14 r.p.m. by mechanical means. Two 
G.E.C. ore-bin gates are fitted ahead of this feeder. 

The ore then passes along two further belt con- 
veyors up to a 5 ft. wide x 8 in. long rod-deck screen, 
where the required — 4 in. material is removed and the 
oversize is fed to a surge bin. 

This bin is fitted with a G.E.C. 36 in. wide» 
8 ft. 9 in. centres apron feeder, the speed again being 
infinitely variable between 10 ft./min. and 30 ft./min. 
by mechanical means. The purpose of the apron 
feeder is to regulate the discharge from the surge bin 
to a 4 ft. Shorthead Crusher which is used to reduce 
the 3 in. feed to —4 in. This is done in a closed 
circuit incorporating the apron feeder and a system 
of conveyors. 

The crusher is driven by a 150 h.p. 725 r.p.m. 
motor through a vee-belt drive and as well as being 
fitted with the latest stepped manganese steel liners it 
has a special oil-circulating system, with a De Laval 
centrifugal oil purifier and heater. 

The product, when reduced to — $ in., passes along 
a 20 in. belt conveyor to the discharge point. 


MINERAL DRESSING. 


The commercial high-voltage separator referred to 
in an earlier article* has progressed, and a four-stage 
unit is installed at the Erith Works. The machine is 
shown in fig. 10 and experiments are in hand with a 
view to further simplifying and condensing the design. 


PENNSYLVANIA EQUIPMENT. 

Two particularly interesting export orders were 
received during the year. The first was from the 
Adelaide Cement Co. Ltd. for a Dixie Non-Clog 
Hammer Mill 72 in. in diameter and 60 in. wide. 
Now in course of manufacture, it will be the largest of 
this type ever made at the Erith Works and is the 
largest standard unit in the world. The mill will be 
driven by a 650 h.p. 600 r.p.m. slipring motor, directly 
coupled to the hammer rotor via a Stonwal rubber- 
ring coupling. The mill will be used for the reduction 
of 350 tons of limestone per hour down to a | in. 
product in one pass from pieces ranging in sizes up to 
48 in. maximum dimension. 

The second machine is for Atlantic Gypsum 
Ltd., Newfoundland, and is a 30 in. x 60 in. Hercules 
single-roll crusher. This will reduce gypsum of 
maximum size 36 in. down to a —5 in. product at the 
rate of 400 tons per hour. 

These quite different types of large primary crushing 
units for cement production are an indication of the 
wide range of such plant designed and manufactured 
at the Erith Works. A further example was the lime- 
stone crushing plant referred to a year agot which 
incorporated a 42 in. Nordberg gyratory crusher. 


* G.E.C. Journal, Vol. 25, p. 11, January, 1958. 
t G.E.C. Journal, Vol. 25, p. 7, January, 1958. 


COAL PREPARATION. 

Three contracts for coal preparation plants were 
received in the year, the total value being approxi- 
mately £1} million. One of these will be installed at 
the Metropolitan Colliery, Helensburgh, N.S.W., 
Australia. 

A new plant with a throughput of 350 tons per hour 
has been commissioned at Desford Colliery in the 
East Midlands Division and towards the end of the 
year a smaller plant of 150 tons per hour capacity was 
put into operation at Onllwyn Colliery in the South 
Wales Division. 





Fig. 10.—High-voltage separator for mineral dressing. 


WINDING ENGINES. 

Among the winding engines commissioned for 
the National Coal Board during the past twelve months 
are two 2,100 h.p. a.c. winders for the downcast and 
upcast shafts at Lea Hall Colliery in the West Mid- 
lands Division and a 1,400 h.p. a.c. service winder for 
the Llanbradach mines in Glamorganshire for which 
an a.c. skip winder of the same rating is also being 
built. The downcast winder at Lea Hall has a single 
drum, while that for the upcast shaft is a double-drum 
single-clutch winder, both units embodying speed 
control with over-riding torque limitation. 

The Llanbradach winder is designed mainly for 
use as a service winder raising men and stone. It 
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has a single drum 14 ft. in diameter and is capable 
of raising either 162 tons of stone or 600 men per 
hour from a depth of 1,515 feet. The winder is 
driven through single-reduction gears by an a.c. 
induction motor of 1,400 h.p. running at 356 r.p.m. 
and is the first in the country to use the Company’s 
simplified control scheme of compensated dynamic 
braking. In the new form of control the valve of the 
assister gear, which actuates the liquid resistor in 
the rotor circuit, is arranged for direct electrical 
operation, thereby dispensing with one hydraulic 
actuator. The control generator used in the earlier 
scheme has also been eliminated. This system of con- 
trol lends itself readily to conversion at a later date from 
a simple compensated dynamic braking scheme to one 
embodying speed control. Conversion to automatic 
working is also possible, but this calls for provision 
being made, at the time of installation, for the future 
addition of certain mechanical devices. This simplifi- 
cation of the a.c. winder control scheme has been 
attained without detriment to winder performance. 
This winder was erected and commissioned during the 
miners’ annual holiday period and replaces a steam 
engine. 

In the West Midlands Division a winder was 
installed at Binley Colliery. This will serve the 
No. | shaft and has a drum 14 ft. in diameter. The 
winder is designed to raise four tons of coal per 
wind from a depth of 1,805 ft., giving a corresponding 
output of 180 tons per hour. 

Smaller winders commissioned during the year for 
which the Company supplied all the electrical equip- 
ment range from 200 h.p. to 500 h.p. and are installed 
at Thrislington, Cinderhill and Pentreclwydau pits. 
The two installations last mentioned are arranged for 
speed control with provision for subsequent conversion 
to automatic working. 

The 4,480 h.p. twin motor d.c. winder for Mount 
Isa Mines—the largest ever to be installed at an 
Australian Mine—has been successfully commissioned. 
Brief details of this winder were given in the Progress 
Review published in January, 1958, and it will be 
recalled that the equipment embodies automatic 
pushbutton control from twelve levels and can deliver 
180,000 tons of ore from mine to mill each 28-day 
period. It replaces an earlier G.E.C. winder which has 
given over 26 years’ service, but is now too small to 
meet the increased output of the mine. 

For Silverwood Colliery, where a 3,700 h.p. geared 
d.c. winder was commissioned some eighteen months 
ago,* the National Coal Board has placed a further 
order for a 2,100 h.p. double-drum, single-clutch a.c. 
winder for the West shaft. It will be used as a service 
winder operating from a maximum depth of 2,458 ft. 
Also for the Nationa) Coal Board are a 2,900 h.p. 
double-drum a.c. winder for Barnburgh Colliery No. 5 
shaft and a 2,000 h.p. double-drum winder for Corton- 
wood Colliery No. 1 shaft. The former will be used 
for raising men, materials and dirt from ‘a maximum 
depth of 2,571 ft., while the latter is for raising coal, 
men and dirt from three decking levels, the maximum 

* G.E.C. Journal, Vol. 24, pp. 97-101, April, 1957. 





Fig. 11.—500 h.p. slant haulage at Pentreclwydau Colliery. 


depth being 1,740 ft. The three winders will operate 
at 3:3 kV and will incorporate the new simplified 
control scheme of compensated dynamic braking. 

For the No. 1 shaft of Cotgrave Colliery a multi- 
rope friction winder has been ordered. The mech- 
anical parts of the equipment will be a duplicate 
of that at present nearing completion for the 
No. 2 shaft and will comprise a drum 12 ft. in dia- 
meter, driven through a reduction gear unit by a 
1,800 h.p. motor. 

Two further 2,400 h.p. 3-3 kV a.c. winder equip- 
ments have been ordered by the National Coal Board ; 
these are to be installed at Duffryn Rhondda Colliery 
in South Wales. The winder for the downcast shaft 
will incorporate the G.E.C. speed control system, 
while the control scheme for the upcast shaft will 
provide torque control with dynamic braking. 

A contract placed by the Anglo-American Corpora- 
tion of South Africa covers all the electrical equipment 
for a multi-drum Blair type winder with four ropes and 
two skips for installation at the President Brand Gold 
Mine in the Orange Free State. The winder will 
raise a maximum of 230 tons of rock per hour from a 
depth of 5,600 ft. It will be driven by two 6-6 kV 
slipring motors with a combined output of 3,600 h.p. 
and the control scheme will incorporate compensated 
dynamic braking. The mechanical parts of the winder 
will be built in South Africa. 

The Company is undertaking in Australia a con- 
version contract for the winder at Cessnock Colliery 
“B” shaft. The order follows the successful com- 
missioning by the Company of a new electric winder 
at the “A” shaft of the Colliery. It covers both 
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the mechanical and electrical equipment necessary 
for the conversion of an existing steam winder to 
electric drive for winding men and material. The 
electrical portion will incorporate a 140 h.p. 750 r.p.m. 
a.c. motor with d.c. dynamic braking control. The 
mechanical equipment to be supplied will comprise a 
complete new set of air-operated brakes, together with 
a totally enclosed double-reduction gearbox, which 
has been specially designed so that it can be accom- 
modated within existing space limitations of the engine 
house layout. 

In calculating the optimum conditions for winders 
full use is made of the digital computer which was 
brought into service at the Works this year. With 
the many possible variables involved in winder 
problems a quick solution is not possible by other 
means and mining officials are invited to make full 
use of this service. 


STEELWORKS. 

Modernisation of the hot strip mill of John Summers 
& Sons Ltd. at Shotton is nearing completion. The 
programme includes the conversion of the existing 
five-stand finishing mill to a seven-stand mill, and an 
increase in the power of the existing stands 3, 4 and 5 
from 3,000 to 4,000 h.p. 

In the two-high reversing slabbing mill, G.E.C. 
contracts have covered the drives from the roller 
tables and the automatic control of the screwdowns. 
The roller tables are arranged in three sections, the 
supply for each being provided by a 400 kW d.c. 
generator controlled by a Ward Leonard system work- 
ing in conjunction with a control exciter. The system 
gives an accurate speed tie with the mill and over- 
riding current control during acceleration and 
retardation. 

An important advance is the development of the 
automatic screwdown control equipment, which 
enables the operator to follow a pre-set pass schedule of 
roll settings by simply pressing a pushbutton at the 
end of each pass. It is a positional servo-mechanism 
and comprises a two-stage balancing system working 








Fig. 12.—Re-setting potentiometers for automatic 
screw-down control. 


in conjunction with a pass sequencing control. Storage 
is provided for one alternative programme, and 
programme setting is facilitated by the use of a tem- 
plate system. The switchgear consists of a 12 ft. 
open-type panel, a geared re-setting potentiometer, 
driven from the mill, and a steel-fronted setting or 
“* memory ”’ panel. 

The electrical equipment for two hot-strip coiler 
equipments has been supplied to Richard Thomas & 
Baldwins Ltd., at their Ebbw Vale Works. Each 
coiler mandrel is driven by a 300 h.p. motor and its 
associated pinch-rolls by a 75 h.p. motor ; the power 
supplies for these motors are provided by generators 
rated at 350 kW and 125 kW respectively. Each 
coiler mandrel also has six wrapper motors of 14 h.p. 
each. G.E.C. control exciter sets are used to regulate 
the speed and tension of the coilers, and control is 
effected from a desk and instrument panel mounted in 
a pulpit. A hot coiler installation of similar design has 
also been supplied to John Summers & Sons Ltd. 


AUTOMATIC VOLTAGE REGULATORS. 


There has been a steadily increasing demand for the 
‘“* Accurex”” combined static exciter and automatic 
voltage regulator, particularly for service on board 
ship. Reference was made to these regulators in a 
previous progress review, and it will be recalled that 
they are of the magnetic amplifier type, affording high 
performance with minimum maintenance. It is 
seldom that a duty is encountered which cannot be 
met by the standard design of “‘ Accurex ”’ regulator, 
but such a case arose in connection with the voltage 
control of a welding generator associated with a tube 
rolling and welding mill. 

The speed of the mill necessarily depends upon the 
diameter and thickness of the tube to be produced, and 
similarly the voltage of the generator has to be kept 
constant over an unusually wide range. The generator 
is rated at 200 kVA, single-phase, 150 c/s, and the 
voltage regulation required was specified as +2} per 
cent at any selected voltage between 50 and 500 volts 
from no-load to full load, at power factors from unity to 
0-8 lagging. For this duty a special static exciter was 
designed in the Witton Laboratories. The alternator 
field is excited by a metal rectifier fed from the a.c. 
mains through a d.c. saturable reactor and a trans- 
former. The degree of excitation is controlled auto- 
matically by adjusting the saturation of the reactor by 
means of a magnetic amplifier and neon reference 
bridge which feed the control winding and are con- 
nected through a variable transformer to the alternator 
output. The variable transformer enables the alter- 
nator output voltage to be controlled at any value 
within the specified limits. 

To ensure a high speed of response, the reactor is 
presaturated by a bias winding which is connected 
through a rectifier to the a.c. mains, while the control 
winding serves to reduce the degree of saturation of 
the reactor. This equipment has fully satisfied these 
unusual service ccnaitions ; a typical oscillogram of 
its performance is shown in fig. 14. 
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benefit from new and improved 
electronic amplifiers capable of en- 
hancing the speed and accuracy of 
response of the process to which they 
are applied. 

One of the important problems is 
that of cvercoming variations in speed 
arising from such things as supply 
voltage variations and load fluctua- 
tions. The situation is further com- 
plicated by the fact that the material 
being processed may have a relatively 
low mechanical strength compared 
with the inertia forces in the high- 
speed machinery itself; particularly 
stringent conditions arise, for example, 
in printing-press drives, hence the need 
for precision control. 

The new arrangement developed by 
the Company is an improvement on 
that described in the G.E.C. Journal 
in January, 1956, and embodies 
features to deal with operational 
difficulties experienced under abnor- 
mal working conditions. The latest 
amplifier, embodying electronic and 
magnetic stages, provides  stepless 
control of the speed of the motor 

, ' from crawl to full speed, i.e. 18 to 

, me \ ; ; 850 r.p.m. With printing-press 
: —_ . a ; motors supplied from six single-anode 

Fig. 13.—Hot-strip coiler at Ebbw Vale Steelworks. rectifiers controlled by a static phase- 
shifting network, the amplifier pro- 

vides an inching speed of 18 r.p.m. 

held constant to within -+- 2 r.p.m. 

RECTIFIERS. against wide variations of both supply and load, 
THE ** COM-PAK ” RECTIFIER. and at the same time avoiding any tendency to 

A newcomer to the mercury arc rectifier field is the snatch or overshoot. 

“‘Com-pak” rectifier, developed by the G.E.C. This The first installation embodying this new type of 
rectifier, offering a remark- 

able reduction in size and 

increase in efficiency com- 

pared with older types, is 

now undergoing extensive 

tests preparatory to being TW | AMAA UU UU UU UU UU 

used for electric locomotives TTVTTTTTTTTTTTTTTTTTTTTTTTVTTTT TTT TTT TTTTTTTTTTTTTTT TTT TTT 

and multiple-unit stock and PL IN} 

for various industrial appli- abe CURRENT anes 
cations. In addition to these 

tests a “Com-pak”’ rectifier 

installation has for some 

months been supplying an 

uninterrupted load for in- 

dustrial use on the Witton 

Estate. 





CONTROL CIRCUITS. 

Though diverse in them- 
selves, equipments such as — VOLTAGE ous 
printing-press drives, rolling 0 oes ene: by See. 
mills, drawbenches, variable 
speed fan drives, etc., can Fig. 14.—Performance of an ‘‘ Accurex ’’ regulator controlling a tube-rolling mill. 
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amplifier has been supplied in the form of a printing- 
press drive manufactured by Witton-James Ltd. for 
the Danish newspaper Berlingske Tidende. 

Other variants of this type of amplifier have been 
built for use with G.E.C. pumpless steel tank multi- 
anode rectifiers for steelworks applications, such as the 
hot-rolling mill drive for Dorman Long & Co. Ltd., 
and drawbenches for Tubes Limited and for Metal 
Manufacturers Pty. in Australia. 

The Dorman Long equipment at Cleveland Works 
is a 4-stand medium-section mill driven by three 1,900 
h.p. motors, which has been modernised with G.E.C. 
auxiliary drives and rectifiers. The mill is now 
operating from a common bus system, to which the 
three rectifier equipments are connected by means of 
their respective high-speed reverse-current circuit 
breakers. This enables advantage to be taken of the 
diversity factor of the mill. The finishing stand can, 
however, be operated independently from the rough- 
ing and intermediate stands. In addition the whole 
mill can be supplied from two of the three rectifiers 
and can be controlled from either of their grid-control 
circuits. 

The facilities, therefore, provide for the following 
combinations : 

(1) All three twin-tank rectifier equipments feed the 
three motors from one or two grid-controlled 
units embodying the 180 deg. static phase-shift 
network and the new amplifier. 

(2) Any two of the rectifier equipments will supply 
the three stands from either grid-control unit. 

(3) Two rectifier equipments will supply the 
roughing and intermediate stands using one 





Fig. 15.—Mercury-arc rectifiers at the Cleveland Works of Dorman Long & Co. Ltd. 


grid-control unit in common, the third unit 
controlling the finishing mill independently. 
The conversion to the new system was carried out 
in two weeks during the summer shut-down period 
Other interesting developments in the techniques of 
rectifier control have been the application of voltage- 
balance indicating relays. These can be used in various 
ways, one example being that of detecting a change in 
the d.c. voltage from which the relay in turn actuates 
the single-stage static phase-shifting network con- 
trolling the rectifier grids. This system has been 
supplied to Tata Iron and Steel Co. Ltd. at their 
Jamshedpur Works near Calcutta. 


SEMICONDUCTOR POWER RECTIFIERS, 

A full-scale manufacturing plant devoted to the 
production of silicon rectifiers has been brought into 
operation during the current year. Previously both 
germanium and silicon power rectifiers had been 
produced in a pilot plant at Witton, and water-cooled 
germanium units had been supplied for a 60 kW, 
210 volt equipment driving a passenger lift. A 230 
volt, 215 A unit has also been built for Chamberlain & 
Hookham Ltd., and other units are under construction. 
The latest type of silicon rectifier in process of manu- 
facture on a production scale embodies an improved 
type of rectifier element having a ceramic body instead 
of glass ; this has resulted in a reduction in weight of 
the unit and a considerable increase in robustness. 
These new silicon units can be arranged for air or 
water cooling and are rated at 100 A. 


ELECTRONIC EQUIPMENT. 

Considerable prominence 
has been given in_ the 
technical press to the National 
Gas Turbine Establishment 
at Pyestock, for which the 
G.E.C. is supplying eight 
44,000 h.p. compressor-ex- 
hauster sets. The drive for 
each set is by a 36,000 h.p. 
synchronous motor with a 
direct-coupled steam turbine 
of 8,000 h.p. Each motor is 
being equipped with an auto- 
matic power-factor regulator 
and the excitation is supplied 
by M.G. sets controlled by 
transductor amplifiers. The 
amplifiers are arranged to 
limit the reactive kVA to 
within 5 per cent of full load, 
under steady conditions. 

Supervisory gear is now 
an accepted feature of any 
modern steam turbine instal- 
lation and the latest equip- 
ment is noteworthy for the 
introduction of transistor 
amplifiers to this duty. To 
date two stations, namely 
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Fig. 16.—540 h.p. super-calender drive at Imperial Paper 
Mills, Gravesend. 


Northfleet and Wallerawang (Australia), are being 
equipped with supervisory gear embodying push- 
pull transistor amplifiers to indicate any vibration 
present at the turbo-alternator bearing pedestals. 


INDUSTRIAL DRIVE EQUIPMENT. 
PAPER-MAKING MACHINE. 

A complete sectional paper-making 
machine drive has been supplied to 
Imperial Paper Mills of Gravesend for 
the modernisation of their No. 11 
installation. The drives of the various 
sections are supplied by two separate 
generators, these being rated at 500 
h.p. for the “ wet ” end and 415 h.p. 
for the “dry” end. The motor 
installation comprises one 180 h.p. 
couch, three 70 h.p. presses, three 70 
h.p. dryers and one 110 h.p. calender. 
Interlock between sections is main- 
tained by an electrical draw-regulator 
actuating a differential field rheostat, 
and an overall master speed control is 
provided. A separate Ward Leonard 
super-calender drive has also been 
supplied, and is illustrated in fig. 16. 


GOLIATH CRANE. 


The electrical equipment of the 
Goliath crane in use at Hunterston 
Power Station for erection of the 
reactors and heat-exchangers was 
supplied by the Witton Works of the 


G.E.C. The equipment includes all drives for the 
main hoist and jib crane, d.c. power being supplied 
from a rectifier. The longitudinal travel is powered 
by four 45 h.p. induction motors, the main and jib 
crane hoist motors are rated at 100 h.p. and the cross 
travel, topping and slewing motions at 25 h.p. 


NYLON SPINNING. 


In connection with nylon spinning problems, an 
experimental motor has been constructed which runs 
at over 90,000 r.p.m. This motor runs with the shaft 
vertical and utilises air bearings in order to give a very 
long period of continuous running without bearing 
failure. Considerable technical difficulties had to be 
overcome to obtain reliability of running at this speed 
and, in particular, the degree of mechanical balance 
required is extraordinarily high. 

Some much larger spinning pot motors have been 
made to run at 24,000 r.p.m., carrying a very heavy 
spinning pot. A novel oil-mist lubrication system has 
been devised for the ball bearings and this works very 
satisfactorily. Numbers of these motors have been 
produced for trials. 


ELECTRO-MAGNETIC EQUIPMENT. 

The demand for both circular and rectangular lifting 
magnets continues at a high level, a considerable 
proportion coming from overseas customers. Six 
plate-handling equipments (fig. 17) have been supplied 
to Joseph Sankey & Sons, where they are used for the 
building of a magnet yoke for the 7,000 MeV proto- 
synchroton to be installed at Harwell. Special control 
rod magnets have also been produced for the fast 
reactor at Dounreay. 





Fig. 17.—Magnetic plate-handling equipment at Joseph Sankey & Sons (Manor Works) 
Ltd. 
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For many years d.c. brakes have been regularly 
supplied for fire curtain drives on aircraft carriers. 
Now that the Admiralty has standardised on a 60 
c/s a.c. supply, a new single-phase brake has been 
developed for this duty and the first units have been 
built. They are designed to withstand the recognised 
shock and vibration tests specified for all electrical 
equipment for service on H.M. ships. 

Standard single-phase solenoids have been re- 
designed ; the size of the units has been reduced, and 
the power increased. Units of the new design have 
been manufactured for Projectile & Engineering 
Co. Ltd. 

Tests are also being carried out on the drop-out 
time of emergency brake solenoids for colliery winders, 
with a view to reducing the delay between switching 
and brake application to 0-05 seconds. In the range of 
magnetic clutches, a 7 in. diam. multi-plate unit has 
been developed for transmitting loads up to 350 Ib. ft. 


PHOTO-ELECTRIC EQUIPMENT. 

Continuous development and improvements in 
photo-electric devices have led to an ever-extending 
field of application, and equipment has been installed 
at Burton-on-Trent to give warning to traffic approach- 
ing a low bridge. The momentary interruption of the 
light ray by an object 6 in. wide travelling at 40 m.p.h. 
is sufficient to operate stop-lights and a warning 
horn. In another recent installation, photo-cells 
are used to control train washing equipment, a time 
delay being introduced in one amplifier to allow for the 
space between adjacent coaches as they pass through 
the light ray. 

The new design of photo-electric daylight 
sensitive switch embodies several improve- 
ments. Provision is now made for adjusting the 
degree of light intensity required to operate the 
device. The sensitivity control can be mounted 
within the equipment if desired and adjust- 
ments have been simplified by eliminating inter- 
dependence between controls. Delay circuits 
render the unit insensitive to momentary light 
changes such as may be caused by lightning. 

A smoke density indicator has been supplied 
for the Furness-Withy liner “ Queen of 
Bermuda”. Printed circuits are now used in 
these indicators, the equipment complying 
fully with British Standard 2811. 


WITTON LABORATORIES. 
CAST-RESIN TECHNIQUES. 

Cast-resin techniques are being used on an 
increasing scale to provide arrangements of 
electrical insulating structures for which earlier 
methods of construction were inadequate. 
Examples include a cast-resin bushing specially 
devised to accommodate the electrical con- 
nections to a hydrogen-cooled alternator. The 
six cooling leads, in groups of three, are 
brought through simple bushings capable of 
withstanding the full working voltage of the 
11 kV alternator. 


TURBO-ALTERNATOR TESTING. 

Steam consumption trials on  turbo-alternators 
call for particularly accurate measurements on the 
electrical side of the machine and to facilitate these a 
special instrument bench has been provided in the 
Measurements and Instruments Group in Witton 
Laboratories, so that such instruments can be cali- 
brated and maintained at the highest standard of 
accuracy. 


HIGH-VOLTAGE LABORATORY. 

In view of the higher voltages used for the electrical 
transmission of energy, a continuous development 
programme is maintained in the High-voltage Labo- 
ratory in connection with all kinds of equipment used 
for electrical power transmission. Among recent 
items which have been tested in this fashion have been 
isolators and bushings for 380 kV service. At the same 
time the increasing adoption of chopped wave and 
other impulse testing techniques for E.H.V. trans- 
formers and similar equipment has led to the need 
for recurrent-surge oscillographs capable of record- 
ing the impulse phenomena on a high-voltage scale. 
Special apparatus of this kind has been developed 
embodying chopped-wave testing facilities as well 
as a differential amplifier which enables the voltage 
present between individual turns of a transformer 
winding to be measured during the passage of surge 
current. 


ELECTROLYTIC TANK MODEL TECHNIQUES. 
The electrolytic tank is widely used for the 





Fig. 18.—Checking electrical instruments used for steam consumption trials. 
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Fig. 19.—380 kV oil-filled bushing on test. 


study of potential distributions and electro- 
static problems associated with high-voltage 
bushings and transformer windings, and a 
considerable number of investigations of this 
kind have been carried out in the Witton 
Laboratories. Another application has been 
the study of thermal problems, particularly 
those involved in the heat flow from conductors 
through layers of insulation of different kinds. 
The application of the electrolytic tank 
technique to magnetic phenomena represents 
an extension of the craft inasmuch as different 
effects associated with graded magnetic poten- 
tials and magnetic saturation have to be taken 
into account. One particularly interesting 
example of this last-mentioned application has 
been in connection with the study of commu- 
tation in d.c. machines. By suitably grading 
controls and using a large-scale model of the 
armature and pole system under investigation, 
it has been found possible to reproduce 
magnetic field plots corresponding to different 
air gap clearances and main and commutating 
field pole strengths. 

Local effects, too complicated geometrically 
to calculate by normal methods and too diffi- 


cult to determine on an actual machine, can be in- 
vestigated by this method. Fig. 20 shows an investiga- 
tion of this kind in progress. 


HYDROGEN SEALS. 


The G.E.C. has for some years had a number of 
hydrogen-cooled alternators in service in various power 
stations. Initially machines of this kind were designed 
for working pressures of about } Ib./sq. in., but both 
theory and experience shows that there are consider- 
able advantages to be obtained by working at much 
higher gas pressures and to-day machines are being 
built for 30 and 45 lb./sq. in. while even higher 
pressures are contemplated. To facilitate the develop- 
ment of improved designs of hydrogen seal for working 
at these high pressures, and to enable a thorough study 
to be made of the behaviour of the oil film in the seal 
with respect to its main requirements of sealing, 
lubricating and cooling the running face, a special 
duplex test rig has been built in the Witton Labora- 
tories. A feature of the rig is that all oil and electrical 
connections and the requisite machinery and apparatus 
are permanently installed and arranged for rapid 
changeover from one test bed to the other. This 
provides a number of advantages ; tests on one unit 
can proceed while the other is being dismantled, and 
comparative tests can be made under similar condi- 
tions by rapidly switching over from one seal to the 
other. In this way it becomes possible to effect a 
considerable reduction in the time taken to carry 
through an experimental programme. 





Fig. 20.—Electrolytic tank for plotting magnetic fields. 





Generating Plant 








120 MW reheat turbine being 
assembled for shop steaming tests. 








The Oaky River hydro-electric Power Station 

in New South Wales. The alternator (left) 

is driven by Pelton wheel and is rated at 
3,450 kVA at 600 r.p.m. 





Stator for 120 MW alternator, 
in course of construction. 





Mining Plant 


(Reproduced by courtesy of New Consolidated Goldfields Ltd. and West Driefontein Gold Mining Co. Ltd.) 


4,100 h.p. d.c. four-rope friction winder at West Driefontein, 
Transvaal, as used to equip the shaft before entering service. 











4,500 h.p. d.c. winder 
at Mount Isa Mines, 
Australia: automatic 
control by pushbutton 
from twelve decking 
levels is provided. 





2,100 h.p. a.c. double- 
drum service winder 
at Lea Hall Colliery. 





Equipment for the Steel Industry 











The ingot weighing table in the Universal Beam Mill of Dorman Long (Steel) Ltd. at Lackenby. 





2-stand temper mill 
at the Port Kembla 
Works of the Austra- 
lian Iron and Steel 
Company. 


Beam-piling crane fit- 

ted with four bi-polar 

magnets at the 

Lackenby Works of 

Dorman Long (Stee!) 
Ltd. 
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Nuclear Power 


HUNTERSTON. 

During the past year considerable progress was 
made on the construction of the 320 MW Hunterston 
Nuclear Generating Station being built for the South 
of Scotland Electricity Board on the shore of the Firth 
of Clyde. The first reactor is scheduled to become 
critical early in 1961, and the second approximately 
twelve months later. 


Alongside the reactors, the floor and enclosing walls 
of the turbine-hall basement were half completed, and 
a start had been made on the erection of the structural 
steelwork and on the construction of the foundation 
for the first 60 MW turbo-alternator. Work on the 
circulating-water culverts was also proceeding accord- 
ing to schedule. 

On the prefabrication apron at one end of the site, 
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Fig. |.—Schematic diagram of the ‘* Zenith ’’ reactor. 


The final shape of the first reactor is now becoming 
clear. Earlier in the year the reactor foundations were 
completed and the walls of the reactor building began 
to rise above the 7 ft. 3 in. thick reinforced concrete 
raft on which the 75,000 ton structure is supported. 
By the end of November the main shield walls had 
risen more than 100 ft. above ground level, and the 
bottom shield, 6 ft. 6 in. thick, above which the 
reactor pressure vessel will be mounted, had been cast 
in a continuous process taking 39 hours. At the same 
time, the concrete substructures for the first of the 
eight steam-raising units which will surround the 
building were being completed. Meanwhile, the 
foundations for the second reactor were reaching an 
advanced stage. 


the first sections of the 70 ft. diameter spherical 
pressure vessel for the first reactor have been assembled 
inside weatherproof enclosures and welding is in 
progress. At the same time, inside the specially 
built twin-bay site workshop, the 80 ft. high cylindrical 
pressure shells for the first steam-raising units are 
being fabricated using the most modern automatic 
welding equipment and techniques. 

The 350-ton Goliath crane which runs on rail 
tracks spanning the two reactor structures and will be 
used for lifting the large reactor components into 
position, was completed during the year, and is now in 
operation. The main task in its erection, the lifting of 
the bridge constituting a total load of 372 tons, was 
carried out at the end of June. 








Nuclear Power 


‘** ZENITH ”? PROJECT. 

Zenith is the name which has now been given 
to the high-temperature gas-cooled zero- 
energy reactor being built for the United King- 
dom Atomic Energy Authority at Winfrith 
Heath in Dorset. The basic features and the 
purpose of this project were described in a 
previous issue of this Journal,* but further 
details of the design were revealed at the 
Geneva Conference.+ 

The reactor core is roughly circular in plan 
and is made up from 235 fuel elements. Each 
element consists of a large number of en- 
riched-uranium and thorium ceramic discs, 
with graphite spacer discs, enclosed in a 
graphite tube. The core is entirely composed 
of these elements, no additional moderator 
being used. Surrounding this core is a reflector 
which is built from about 26 tons of graphite 
blocks and is provided with a number of holes, 
mainly at its inner edge, for control rods, 
depletion rods, and thimbles for flux, tempera- 
ture and other measurements. 

As shown in fig. 1, the core, with its reflector, 
is enclosed in a steel pressure vessel, the main 
body of which is cylindrical and is fitted with a 
flat top cover insulated from the hot gas in the 
system. The vessel has a conical lower end 
terminating in a box containing an electric 
heater. This heater is used to raise the tem- 
perature of the circulating nitrogen gas before it 
enters the core, so that experiments can be 
carried out over the full range of final operating 
temperatures. Inside the conical section of the 
vessel is a cylindrical skirt, on which the 
support systems for the core and the reflector 
are carried. 

The nitrogen gas is circulated round the 
system by a motor-driven centrifugal blower. 
A proportion of the gas is led to the bottom of the 
pressure vessel whence it passes upwards over the 
heater and then through the core. The hot gas issuing 
from the top of the core is mixed with a secondary flow 
of cool.gas entering the vessel at the top, and the 
mixture then passes downwards through the reflector 
and leaves the vessel through a series of nozzles con- 
nected to a ring main. Thus, the handling of hot gas in 
the external circuit is avoided. From the ring main, the 
gas is taken through a filter and then through a heat 
exchanger before returning to the circulator. Auxiliary 
circuits are provided for the measurement and re- 
moval of impurities in the nitrogen. 

The control elements are raised and lowered in the 
channels through the reflector by means of electrically 
operated hoists, the control system being designed to 
maintain the essential parameters at the desired values 
automatically. A full range of controls is provided for 
the measurement and regulation of core and gas 
temperatures and of gas flow. 

The reactor and its main and auxiliary circuits are 





* G.E.C. Journal, Vol. 25, pp. 24-25, January, 1958. 
+ K. J. Mitchell and R. A, Geary. Paper A/Conf. 15/P/1463. 
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Fig. 2.—Power manipulator being demonstrated at the 1958 German 
Industries Fair in Hanover. 


housed at one end of a concrete-lined pit, the roof of 
which is also shielded with concrete blocks supported 
on a steel grid. Immediately above the reactor vessel an 
opening is provided, normally covered by a pair of 
shielding trolleys which can be driven back by hand to 
allow access to the reactor for charge/discharge or 
maintenance purposes. 

The construction of Zenith is now well advanced, 
and the reactor is expected to become critical during 
the summer of 1959. 


G.E.C. POWER MANIPULATOR. 

Early in 1958, the G.E.C. Atomic Energy Division 
introduced a new power-operated manipulator designed 
to provide remote-handling facilities in any situation 
where it is impossible or undesirable to employ a 
human operator. Full details of this machine have 
already been given in this Journal.* During the year, 
this manipulator was demonstrated, arousing great 
interest, both at the German Industries Fair in 
Hanover and at the Atoms for Peace Exhibition in 
Geneva. 

* G.E.C. Journal, Vol. 25, pp. 153-157, July, 1958, 
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Bottom crown of the first 70 ft. 
spherical pressure vessel being 
prefabricated at Hunterston. 











Automatic welding of strakes for 
cylindrical heat-exchanger ves- 
sels at Hunterston. 













Scale model of power reactor 
used for gas-flow investigations. 
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Servicing the exhaust filters of 
the new beryllium laboratory. 


Air rigs used for heat-transfer 
experiments. 
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An order for a G.E.C. Power Manipulator has 
recently been received from the Industrial Group of 
the United Kingdom Atomic Energy Authority. This 
manipulator will form part of the expanding “ hot- 
laboratory ” facilities at the Authority’s Windscale 
establishment, where its primary use will be in the 
inspection of irradiated fuel elements including, 
eventually, those from the commercial nuclear power 
stations at present under construction. 


NEW POWER-STATION DESIGNS. 


The production of new designs for nuclear power 
stations based on the gas-cooled graphite-moderated 
reactor continued throughout the year. As a result 
of intensive research and development work, the 
Atomic Energy Division is now in a position to 
offer proposals for stations of this type having electrical 
outputs ranging from 40 to 400 MW per reactor. 

A number of enquiries for complete power stations 
has been received from countries in Europe and the 
Far East, and detailed tenders have been submitted. 
Many of these tenders are still under consideration. 


MECHANICAL ENGINEERING LABORATORY. 


As briefly mentioned in the last progress report 
most of the mechanical engineering development work 
of the Division was transferred to a new laboratory at 
the beginning of the year. Here, for instance, work on 
pressure seals for the gas-circulator drive shafts and 
on bearings has continued. In addition to the pro- 
gramme of life tests on non-lubricated bearings, 
tests are now being carried out on sealed roller bearings 
containing special lubricants developed by the oil 
industry for use in nuclear reactors. A similar project 
involves tests on various kinds of dry-running gears. 


REACTOR MODEL. 

One of the most impressive pieces of apparatus in 
this laboratory is a 1/20-scale model of a power 
reactor of the type being built at Hunterston. This 
model, which is illustrated on page 27, is used to carry 
out investigations concerning the flow of coolant gas 
within the reactor. 

Housed in a 42 in. diameter Perspex sphere, a 
scale replica of the reactor pressure vessel complete 
with its supporting skirt and its rings of inlet and 
outlet ports, is a model of the reactor core. This core, 
which is made of duralumin, rests on a support-grid of 
the same “egg-box” type as is employed in the 
actual reactor. The vertical fuel channels through the 
core are represented by tubes of a number and dia- 
meter such that the core as a whole offers proportion- 
ally the same resistance to gas flow as will the full- 
scale structure. 

A motor-driven blower, coupled to the outlet ports 
in the Perspex sphere, draws air through the model to 
simulate the flow of coolant gas in the reactor. 
Measurements are made of the flow of air at the inlet 
and outlet ports and of the pressure drop along selected 
channels through the core. By these means it is 


possible to investigate the symmetry of the gas-flow 
through the reactor and to study the effect of shut- 
down of one or more of the eight gas-circuits which 
connect the reactor vessel to the steam-raising units. 
The influence of “ gags” to restrict the flow of gas 
through the channels can also be determined. 





Fig. 3.—Bearing test rigs. 


GAS-DUCT ELBOW BEND. 

Another model tested has been that of one of the 
right-angle bends of the main gas duct. A 3-ton 
tensile testing machine was installed to load the model ; 
measurement of the strains produced enabled the 
theoretical analysis of the stresses to be checked. 


WELDING Bay. 

One of the vital aspects of a nuclear power station is 
the quality of the large amount of welding involved, and 
considerable attention is being given to this by a 
special welding group at Erith. A separate welding 
bay in the mechanical engineering laboratory forms 
the centre of operations for this group, which is 
equipped to perform any type of hand-welding opera- 
tion, and also experiments with a number of semi- 
automatic processes. The work of the group falls 
roughly into three fields—research and development 
on welding processes in general, specific problems 
arising from reactor design, and general welding as a 
laboratory service. 

The first category includes comparatively routine 
acceptance and development tests on different types of 
electrode, as well as experimental work on new welding 
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processes. During welding there is a limit to the 
temperature gradient that can be set up in the metal 
pieces, and this is being investigated. Experiments are 
also being carried out on dilution, i.e. on the relative 
mixing of the constituents of the base metal and the 
deposited weld metal. 

A typical problem that arises in reactor development 
is how best to weld together two specific pieces 
of metal, perhaps of complicated shape and of 
completely different materials, or whether it is 
in fact possible to do so. Advice is given on the 
accessibility needed for any particular welding 
operation. 

A specific example of the activities of this 
group is their development of an automatic 
welding head for use in welding the burst- 
cartridge-detection pipes at Hunterston. This 
welding has to be done within the pressure 
vessel where “clean conditions” must be 
preserved and where several thousand welds 
must be made within a short time. Accessibility 
is severely restricted and many welds have to 
be done in awkward positions. The welding 
head, which uses the argon-arc process, is 
capable of making a weld in any position ; 
downhand or overhead welds can both be done. 
The time taken to weld a single pipe is 37 
seconds, and the total time required to com- 
plete welds on six different pipes, including 
that required for setting-up, is ten minutes. 
No special skill is required and any welder 
not already having experience of argon-arc 
welding could be rapidly trained to use it. 


HEAT-TRANSFER LABORATORY. 

The two air rigs and the pressurised rig for experi- 
ments on fuel-element heat transfer have been in full 
operation during the year. Work on the fuel-element 
design for the Hunterston reactors was completed 
and some aspects of the design revealed for the 
first time. New types of fuel element, suitable for 
operation in the higher temperature conditions of later 





Fig. 4.—Sectioned model of a G.E.C. fuel element. 





types of reactor, are now being actively investigated. 


MEASUREMENT OF GRAPHITE-SLEEVE PERMEABILITY. 
Among other experiments carried out in this 
laboratory the measurement of the permeability of 
graphite fuel-element sleeves to carbon dioxide gas 
is typical. 
It will be recalled that the fuel elements in G.E.C. 


; 


Fig. 5.—Measuring the permeability of graphite sleeves. 


reactors (fig. 4) are held in individual graphite 
sleeves that form the actual channels for the coolant 
gas when the elements are in the reactor. Since, in 
general, graphite is permeable to gas, it has been 
necessary to measure this permeability of the sleeves, 
and to find means of adjusting it to such a value that a 
stable gas flow can be produced. The measurements on 
sleeves have been done at Erith, the experiments to 
reduce the permeability at Wembley. Initial 
tests on sleeves showed that the permeability 
was dependent on gas pressure, so that an 
experimental rig designed to operate with CO, 
at reactor pressure and temperature was 
constructed. The gas was supplied to the 
centre of the sleeve and allowed to pass 
through it and out to atmosphere through a 
valve. The inlet flow per unit time, the 
pressure, and the temperature of the gas 
were measured, together with the pressure 
differential across the sleeve. These values 
enabled the permeability constant under 
closely simulated operating conditions to be 
measured. 

The joint work on graphite has led to the 
development of impregnated forms having 
permeabilities up to a million times less than 
that of ordinary reactor-grade graphite and has 
considerably added to the possibility of using 
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graphite as a fuel-canning material. To this end a 
completely impermeable graphite which behaves to 
gas like a metal has been produced also. Both the 
reduced-permeability and the completely impermeable 
graphite should have other important uses outside the 
reactor field. 


B.C.D. TESTS. 

Parts of the burst-cartridge detection equipment 
(formerly “ burst-slug”) are undergoing extensive 
tests in the “ hot box” control-rod standpipe. The 
standpipe has been fitted with a complete set of sixteen 
tubes together with the 16-way valve and individual 
solenoid valves that form the standpipe part of the 
equipment. Tests at reactor pressure and temperature 
are designed to discover any difficulties that may 
arise before this important and extensive equipment 
is installed at Hunterston. 


WIND TUNNELS. 

Steam-raising tubes of many different types con- 
tinue to be tested, heat-transfer and pressure-drop 
measurements being obtained for different tubes and 
different tube configurations in connection with current 
designs. One of the wind tunnels has been devoted 
to an experiment designed to test statistically the 
effects of the various dimensions that define a finned- 
tube bank. Possible tube designs for use in future 
types of reactor have also been investigated as an aid 
to the reactor-design group. Apart from such measure- 
ments on the overall characteristics of steam-raising 
tubes, work has continued on more detailed investiga- 
tions into the mechanism of the heat transfer. An 
incidental use of one of the wind tunnels was to 
calibrate the anemometer now installed on the Goliath 
crane at Hunterston. 


LIQUID CO, STORAGE. 

In order to cope with the large-scale demand for 
pressurised carbon dioxide in the various laboratories, 
a 5-ton tank has been installed in a small outbuilding, 
to hold a supply of the gas in liquid form. Each 
laboratory now has its own piped supply of CO, at 
300 Ib./sq. in. pressure, the gas being replenished by 
passing liquid from the tank through a steam-heated 
evaporator. A point of interest is that this is the same 
sort of system that will be used to supply make-up 
CO, to the coolant circuits at Hunterston. The 
capacity of the evaporator at Erith is 400 Ib. /hr. 


MEDICAL RADIOBIOLOGY DEPARTMENT. 

A rapidly expanding department during the year 
was that of Medical Radiobiology, responsible for the 
health and safety of all personnel engaged in nuclear 
projects undertaken by the Division, including active 
participation at the design stage. Two main groups of 
staff are involved—medically qualified men giving a 
modified conventional industrial medical service, and 
health physicists concerned with the measurement and 
control of radiation and other hazards. Both groups will 
co-operate in long-term research on various aspects of 
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Fig. 6.—Apparatus for measuring heat transfer across 
uranium can interface. 


radiobiology that arise during the course of the more 
routine work. 

The medical services at Erith, in addition to the 
usual first-aid and physiotherapy services, have full 
haematology laboratory facilities, facilities for clinical 
chemical investigation, and diagnostic X-ray services. 


GENEVA, 1958. 


In September the Second United Nations Inter- 
national Conference on the Peaceful Uses of Atomic 
Energy was held in Geneva. Altogether some 2,135 
papers were presented and over 7,000 delegates, 
observers, and press representatives, from about 70 
countries were present at some time during the two 
weeks of the Conference. Six papers were presented 
by members of the Atomic Energy Division.* Mem- 
bers of the Research Laboratories at Wembley con- 
tributed another full paper,+ and were concerned in 
the production of two others. 

At the same time as the Conference a commercial 
Exhibition was held in Geneva. A full-size model of 
part of a Hunterston reactor formed the main feature 
of the G.E.C. stand, and attracted considerable 
attention. Members of the Atomic Energy Division and 
of the Research Laboratories spent much time on the 
stand, and made a number of useful contacts. 

* A/CONF.15/P/21, P/74, P/85, P/87, P/1463, P/1523. 

+ A/CONF.15/P/28. 

t A/CONF.15/P/270, P/303. 
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TRANSFORMERS. ; 

During the period under review three 72 MVA 
generator transformers have been commissioned at 
the Hams Hall “C” power station as well as two 
60 MVA and two 45 MVA units at the Bridgwater, 
Alton and Newport outdoor substations. Transfor- 
mers shipped overseas include two 7-5 MVA voltage- 
regulating transformers for Hong Kong, a 10 MVA 
transformer for the Tobago Electricity Commission of 
Trinidad, a 5 MVA unit for New Zealand and two 
rated at 25 MVA for the Joda Substation of the 
Hirakud Dam Project. One of the last-mentioned 
transformers is illustrated in fig. 1. The transformer 
is star/star/connected with a delta tertiary winding 
and has a voltage ratio of 132 kV/11 kV. On-load 
tap-changing covers a range of high-voltage variation 
of +-5 per cent to — 20 per cent in 20 steps. 

The transformer satisfactorily with- 
stood a 650 kV impulse test. The 
core is of cold-reduced grain-oriented 
steel, this being one of the largest 
transformers so far despatched using 
this material. Several larger trans- 
formers both for home and abroad 
are in hand using grain-oriented 
cores ; these include the six 72 MVA 
generator-transformers for the 
Nuclear Power Station at Hunterston. 

For a large electrolytic plant at 
Buenos Aires, two 4,200 kW rectifier 
equipments are being supplied. Each 
6-phase transformer for this plant 
is provided with a 33-position on- 
load tap-changing switch which, 
with grid-control of the rectifier, 
covers a d.c. voltage range of 700 to 
500 volts. The tap-changing switch 
and grid-control gear are so arranged 
that the plant operates at maximum 
power factor under all service 
conditions. 

The first of five 144 MVA 145-3 kV 
13-8 kV transformers for the North- 
fleet and Uskmouth stations of the 
C.E.G.B. has been despatched. These 
are the largest transformers yet made 
at Witton. Type OFW cooling is 
employed, and the transformer is 
fitted with three automatically con- 
trolled coolers, only two of which are 





in service at any one time. High cooling efficiency is 
achieved by a system of directed oil flow through 
the windings. In order to reduce the current in 
the low-voltage bushings and to minimise tank losses 
the six low-voltage phase ends are brought out 
through bushings and the delta connection com- 
pleted externally in a busbar chamber which is 
mounted on the side of the transformer tank. Alumin- 
ium trunking is used, and when complete on site, 
each transformer will weigh over 200 tons. 

For testing the full range of a.c. traction motors at 
various values of ripple current, a_ single-phase 
rectifier equipment was provided together with a 
variable d.c. smoothing choke. Because of the diffi- 
culty of eliminating a.c. components from the d.c. 
saturating winding, a saturable reactor could not be 
used and a choke was designed with sufficient induct- 
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Fig. |.—25 MVA 132/11 kV transformer for Hirakud, India. 
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ance to limit the ripple current in the smallest motor 
to approximately 15 per cent of the d.c. current. The 
choke is provided with a secondary winding, across 
which a locked-rotor induction motor is connected. 
Rotation of the rotor of this motor creates a variable 
load on the secondary winding, which in turn pro- 
duces a variation of the main inductance. The range 
is sufficient to control the value of ripple current to 
between 20 per cent and 50 per cent of the d.c. current 
for any traction motor made or envisaged. 

The prototype transformer for service on the a.c. 
motor coaches for British Railways has been com- 
pleted and tested satisfactorily. Because the trans- 
former has to fit into the standard coach underframe, 
special attention has been paid to a compact, light, yet 
extremely strong design. Fig. 2 shows the trans- 
former standing vertically but it should be appreciated 
that it is designed to operate in a horizontal position. 

The transformers for the 20 MW rectifier equip- 
ment for Richard Thomas & Baldwins Ltd. have been 
built. This plant forms part of the contract in hand 
for the complete electrification of the 6-stand hot 
finishing mill at the Ebbw Vale Works. There are 
two 36-phase transformer banks, each comprising 
three 12-phase transformer units. The 12-phase unit 
consists of two double 6-phase transformers in one 
tank (fig. 4), one having a star-connected and the 
other a delta-connected primary winding. With this 
design, an extremely robust construction is obtained, 





Fig. 2.—Transformer for 25 kV a.c. railway motor coaches. 





Fig. 3.—Coil stack for transformer with class H insulation. 


and maximum impedance is provided on the occur- 
rence of any faults. 

The range of constant-current regulators for runway 
and taxiway lighting schemes has been extended to 
173 kVA. These regulators are designed to give a 
constant current of 6-6 amp. under conditions varying 
from full-load to short circuit. 

The constant-voltage transformer which has been 
designed and developed for use in the smoke moni- 
toring equipments, has been produced in large quanti- 
ties. It is suitable for mains supply voltages from 180 
volts to 260 volts and provides constant excitation of 
45 VA to the amplifier and lamp circuit. 

For research on high-temperature arc discharges at 
Harwell a special large choke has been supplied. The 
choke has been designed in consultation with Imperial 
College and will store energy of 30,000 joules at a 
current of 7,000 amperes. The inductance is | milli- 
henry with a resistance of 0-001 ohm. 


DEVELOPMENT. 


Full advantage continues to be taken of the potenti- 
alities of the electronic digital computer in solving 
transformer design problems, and programmes have 
been prepared for the routine calculation of reactance 
and short-circuit forces in large transformers. Pro- 
grammes covering impulse voltage distributions, 
leakage flux density calculations and eddy-current 
losses in shields have been in use for several years. 

Considerable progress has been made in the design 
of a range of resistor-change on-load tap-changing 
switches which is being produced to supplement the 
existing range of reactor-change switches. 
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transformer is specially styled to 
reduce the projection from the bulk- 
head to the minimum and it has 
passed Admiralty gun-shock tests. 


NEW WoRrKS PLANT. 

Several new and interesting items of 
equipment have been added to the 
Works plant to facilitate and improve 
the manufacture of large high-voltage 
transformers. A large new winding 
machine complete with paper ten- 
sioning equipment has been installed ; 
it is designed primarily for high- 
voltage windings of the layer type and 
is capable of handling windings for 
the largest transformers envisaged 
for power supply. The machine is 
electrically driven through a “ pow- 
der” clutch to ensure freedom from 
“snatch” which might damage the 
winding conductors or their insulation. 
Pedal-switch control is provided for 
both forward and reverse rotation and 
a magnetic brake ensures an instant 
stop when the pedal switch is re- 
leased. The paper for interlayer 
insulation is applied with uniform 
tension over its whole width by 
feeding it over special chromium- 
plated rollers. Each roller is fitted 


Fig. 4.—12-phase rectifier transformer unit for Richard Thomas & Baldwins Ltd. with an independently adjustable 


A continuously transposed strip conductor, 
having strands covered with a polyester resin, 
has been developed in collaboration with 
Pirelli-General Cable Works Ltd. The 
insulation has proved itself far superior to 
resins previously available for strip insula- 
tion in oil. This type of conductor can be 
formed out of any desired odd number of 
rectangular strip laminates and will be used 
increasingly for heavy-current windings. Its 
advantages are reduced stray losses, improved 
space factor, lower thermal gradients, and 
greater mechanical strength. 

Development has continued on transformers 
having high-temperature insulation and units 
are at present in course of manufacture. Fig. 3 
shows a typical coil stack, completely assembled 
and ready for processing, prior to fitting on to 
the core of a 500 kVA, 11 kV transformer using 
class H insulation. 

A 10 KVA lightweight transformer using 
class H insulation has been produced and 
fully tested for the Admiralty. A substantial 
reduction in weight and size has been secured 
by the use of a grain-oriented steel core, 
duralumin superstructure and tank, class H 
insulation and silicone impregnation. The 





Fig. 5.—Lifting cradle for large cores. 
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brake which is operated by compressed air and all 
rollers are subject to a master control, so that tension 
can be varied over wide limits. An adjustable cutter is 
fitted at each end to trim the paper as it is wound to 
the precise length required for a particular layer. 

An ingenious travelling cutter specially designed at 
the Works and having micrometer adjustment is 
fitted for use when a tapered thickness of insulation is 
required to facilitate the positioning of an interlayer 
connector. 

The installation of an assembly dock hes greatly 
assisted in the building of large h.v. transformers. 
The “dock” has many advantages over scaffolding 
as the platforms can be positioned easily and quickly 
in both vertical and lateral directions for the con- 
venience of the erectors. 

Laminated transformer cores are built in a hori- 
zontal position and, when complete with their clamping 
structure, are lifted into the vertical position for 
fitting the windings. This transfer from the horizontal 
to the vertical position calls for great care, especially 
when handling large cores weighing many tons, 
otherwise the laminations may be damaged or the 
alignment of the core impaired. A special lifting 
cradle has been designed for handling these large 
cores and is shown in fig. 5 raising a 144 MVA core. 
The cradle is so designed that a heavy core can be 
raised safely using a relatively light crane without any 
risk of shock overloads due to “snatch” when the 
vertical position is reached. 

Major extensions are being made to the processing 
plant. A high-performance oil processing plant incor- 
porating facilities for heating, filtering and degassing 
has been in use for some time and is now being built 
into an oil system with storage for 20,000 gallons of 
thoroughly degassed and processed transformer oil. 
The equipment ensures that this oil is kept in perfect 
condition for filling transformers under vacuum. A 
new vacuum plant is being erected primarily for the 
drying out and impregnation of large h.v. trans- 
formers. The transformer in its tank will be evacuated 
by a three-stage pump with a pumping speed of 3,000 
cu. ft./minute at 0-05 mm. Hg. A special system 
of heating the transformer under vacuum guarantees 
thorough and speedy drying. This process together 
with the use of highly degassed oil ensures the 
thorough impregnation so necessary on high-voltage 
transformers. 


SWITCHGEAR. 

The first Canadian order for type OAA-12 15 kV 
outdoor oil circuit breakers, designed specifically for 
the Canadian market, has been delivered. 

To comply with Canadian requirements and also 
with a view to satisfying German and other Continental 
specifications, development work has been directed 
towards increasing the impulse-withstand voltage 
levels of 11 KV switchgear. It has been found possible 
to achieve peak impulse-withstand voltages of 75 kV 
on existing type KA switchgear by taping certain 
busbar and current transformer joints (fig. 6). 

In the type KB range of metalclad gear, the smaller 


of the two variants (2 ft. 3 in. centres as opposed to 
3 ft. 0 in. centres) has been developed to give breaking 
capacities of 350 MVA at 6-6 kV and 500 MVA at 
11 kV. 

The high-voltage air-break circuit breaker range 
has been extended to include a breaker rated at 
250 MVA at 3-3 kV and orders for these are now in 
hand. 








Fig. 6.—Taped || kV busbar connections. 


Another recent introduction is a range of switch 
fusegear, similar to the well-known range of motor 
control centres, and making use of the same basic 
structure and withdrawable plug-in trays. A large 
board of this design has been supplied to Debenhams 
Ltd. 

Special control panels for machine tools have been 
developed, including a panel made to the requirements 
of the Birmingham Small Arms Company for the 
control of a three-speed reversible drive motor and 
cooling pump motor, and a panel for the control of a 
jig boring machine for the Coventry Tool and Gauge 
Company. 

Mounting on rubber buffers has produced a success- 
ful solution to the quest for a really quiet contactor 
suitable for use in hospitals, office buildings and 
blocks of flats, and a model is now available with 
a current rating of 50 A. Apart from the rubber 
mounting of the contactor inside its sheet-steel case, 
it is similar in all respects to the standard vertical-lift 
design of the same rating. 

A hand-operated star/delta starter for 20 h.p. 
400 V motors has been developed. Making use of a 
25 A vertical-lift contactor with magnetic overload 
trip, the new starter has successfully undergone tests 
in disconnecting a 30 h.p. motor with the rotor locked. 

The most notable advance in the protective gear 
field has been the development of a new range of 
withdrawable relay cases. The new cases aroused 


Power Distribution 35 


keen interest at the Hanover Fair last spring, and 
have also been demonstrated to Central Electricity 
Generating Board and Area Board engineers. The 
design is illustrated in fig. 7. Orders for protective 
equipment include 25 negative-phase-sequence relays, 
six of which are to be installed at the Bradwell Nuclear 
Power Station, two sets of specially developed alarm 
annunciation equipment for the Durgapur Steelworks 
of the Government of India, and magnetic amplifier 
voltage regulators for the Northfleet, Hunterston and 
Wallerawang Power Stations. 





Fig. 7.—Wéithdrawable relay case, with chassis swung out. 


Orders for 11 kV heavy metalclad switchgear 
received during the period under review include 21 
units rated at 500 MVA for the South African Iron 
and Steel Industrial Corporation Ltd., 11 units rated 
at 250 MVA for the Rhodesian Iron and Steel Com- 
mission, and 15-250 MVA units for the Mid- 
lands Electricity Board. Orders for 3-3 kV 
air-break switchgear include a total of 152 
units rated at 250 MVA and 150 MVA for the 
Damodar Valley Corporation, India, and three 
switchboards comprising fifty-eight 250 MVA 
circuit breakers for Talawara Power Station, 
New South Wales. 

Installations of 33 kV 750 MVA heavy 
metalclad switchgear completed during the 
year ihclude 53 units for the electrification of 
the Kent Coast Lines on the Southern Region 
of British Railways, an 11l-panel switchboard 
for the Coventry South Substation and a 
10-panel board for the Woodmill Lane Sub- 
station. Switchboards rated at 11 kV, 250 
MVA have been commissioned in Birmingham 
at Kitts Green, Summer Lane, and Bartley 
Green substations. Contracts for 275 kV and 
132 kV outdoor switchgear at a total of 17 
switching stations of the C.E.G.B. have also 
been completed. 

An ore-handling and preparation plant has 
been delivered to the African Manganese Co. 
Ltd. of British Guiana. The cubicle type 
switchboard, which is fed at 440 V from 
adjoining circuit-breakers, controls 53 drives, 
including a number of power-station auxiliaries. 


>= 


Fig. 8.—Indian trainees assembling a motor control centre for Durgapur 


WiTTON NETWORK ANALYSER. 

Early in 1958 the Witton Network Analyser 
“WINA” was finally completed and put into 
service. A full description of the WINA analyser was 
published in the previous issue of the G.E.C. Journal. 
The analyser differs in basic principle from all earlier 
large commercial analysers in that it operates on the 
Blackburn Transformer Analogue principle as distinct 
from the more usual miniature component type of 
model network assembly used in conventional analy- 
sers. In conjunction with the digital and transient 
computers available within the Company, the analyser 
is being used to deal with the full range of problems 
likely to be encountered in the electrical industry. 


CABLES. 
CAST RESIN JOINTS. 

The growing demand for p.v.c. insulated cables for 
low voltage has shown the need for a simple and 
reliable joint. Epoxy cast resin joints have been 
developed and marketed, but they are expensive and, 
because of the lack of adhesion between p.v.c. and 
the resin, the joints are not sufficiently watertight for 
underground use. 

Pirelli-General has now developed a range of cast 
resin joints incorporating a means of sealing the joint 
against moisture. Relatively cheap polyester resins 


can be used. The jointed cores are embedded in a 
polyester resin casting, the insulation over the ferrules 
being provided by p.v.c. tape coated with p.v.c. 
paste. The paste is gelled by the heat produced during 
polymerisation of the polyester resin, thereby provid- 
ing an impervious p.v.c. covering over the ferrule, 
firmly bonded to the core insulation. 





Steelworks. 
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The cable armouring wires are embedded in the 
resin and bonded across inside the joint. 


PLASTIC MAINS CABLES. 

Within the last year or so, there has been a surge of 
interest in the use of plastic insulated cables in power 

able applications where up to now paper insulated 

cables have been employed. A draft specifi- 
cation for low voltage p.v.c. insulated mains 
cables has been prepared by the C.M.A. and 
is now before the B.S.I. for eventual issue as a 
British Standard. 

On the whole, Electricity Boards seem to be 
proceeding cautiously at present and it is not 
expected that there will be a sudden wholesale 
changeover to the new type of cables. How- 
ever, several Boards are putting in trial instal- 
lations, and Pirelli-General have supplied 
cable and accessories to the Midlands Elec- 
tricity Board for a housing project. The 
joints are of the cast resin type. 

Work is proceeding on the development of 
plastic insulated cables for higher voltages. 


SUPER-VOLTAGE CABLES. 

An order has been received from the British 
Transport Commission (British Railways) 
Southern Region for the manufacture and 
supervision of the installation of the bulk of 
high voltage and associated cables for the 
Extension of Electrification, Stage 1 phase 2, 
Kent coast lines. 

This cable contract calls for the manufacture 
of some 140 miles of 3-core 0-1 sq. in. 33 kV 
oil-filled cable and approximately 140 miles of 
pilot/supervisory cable. 

A feature of this new contract is that corru- 
gated aluminium sheathing will be used for 
part of the mileage. This form of sheathing 
was installed experimentally between Wimbledon and 
St. Helier substations on the Wimbledon-Sutton 
branch, and its adoption on a wider scale, both for 
feeder and pilot cables, may be regarded as confirma- 
tion that the advantages claimed for corrugated 
aluminium sheathing have been borne out in practice. 

A contract has been received through the B.G.E.C 
of Central Africa (Pvt) Ltd., from the Federation of 
Rhodesia and Nyasaland Federal Power Board, for 





the supply, delivery and erection of some 90,000 
yards of 88 kV oil-filled, 33 kV oil-filled and solid 
type cables, together with 11 kV auxiliary cables and 
accessories. 

These cables will form part of the Kariba hydro- 
electric scheme transmission system on the Zambesi 
River. 


Fig. 9.—330 kV oil-filled cable at the Tumut River site in the Snowy Mountains. 


Six drums of 330,000 volt oil-filled cables, each 
drum weighing approximately 13 tons gross, have 
been shipped to Sydney, Australia, for the Snowy 
Mountains Hydro-Electric Authority. 

This shipment comprised a total length of 3,122 
yards of 330 kV single-core 0-325 sq. in. copper- 
conductor oil-filled lead-sheathed cable, and was 
designed and manufactured by Pirelli-General at 
Eastleigh Works. 











Power Distribution 
TRANSFORMERS AND SWITCHGEAR 


Above: 3,500 MVA oil circuit breakers and 
132 kV voltage transformers at Willington 
outdoor switching station. 


Above right: The dam at White Dog 
Falls, Canada, where two G.E.C. 1,200 kVA 
transformers are installed. 


| 
Right: 144 MVA generator transformer 
for Northfleet loaded for despatch. 
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Control and Instrumentation 


AUTOMATIC MACHINE TOOL CONTROL. 

Important development has been in progress in 
conjunction with the Research Laboratories on an 
automatic programme control for a Wiedemann turret 
press used in the Switchgear Works at Witton. The 
press is employed for punching out sheet-steel 
panels, complete with all necessary apertures, for the 
manufacture of indoor switchgear cubicles. The 
control system makes use of teleprinter punched 
tapes ; the tapes initiate electrical 
impulses which, when passed 
through telephone relays, trans- 
late the instructions into machine 
movements. The Wiedemann 
press has thirty-two alternative 
sets of punches and dies mounted 
respectively in two 52 in. diameter 
turrets which can be rotated to 
bring any chosen set under the 
ram of the press. The plate being 
punched is carried on rollers on a 
split table, which can be moved 
in and out on either side of the 
turrets, while the clamps which 
grip the plate are fixed to a cross- 
slide, so that any part of the 
plate may be brought between 
the punch and die. The capacity 
of the press allows it to punch a 
6 in. diameter hole in plates of 
thickness up to 0-25 in.; the 
table can accommodate plates of 
size up to 10 ft. x5 ft. 

For many years machines of 
this class have been operated 
manually and the decision to 
develop an automatic control 
scheme was influenced by the 
fact that operators assigned to it 
rapidly tire from the strain of 
continually watching the scales 
which indicate the position of the 
plate. 

The Control Engineering 
Group of the Research Laboratories was asked to 
devise a suitable control system, and a study was 
made of the operating conditions and requirements. 
An increased speed of operation was not a primary 
aim, and the accuracy of setting of the plate position 
was to be ++ ¢; in., the tolerance hitherto adopted for 
manual operation. 


For the automatic scheme, punched paper tape 
(standard 5-hole telegraph-type) was chosen for 
programming the instructions to the press, and it was 
decided to employ digital control throughout, using the 
well-tried P.O. type 3,000 relay, together with a 
number of rotary switches. Two 3-speed, f.h.p. d.c. 
motors were fitted to drive the table and the induction 
motor driving the turret was replaced by a two-speed 
d.c. motor. 





Fig. |.—Turret press with automatic programme control. 


METHOD OF OPERATION. 

A tape, carrying the information for punching a 
complete plate, is run through the tape reader. The 
perforations are read in discrete phrases and each of 
these is decoded by a set of relays which check the 
reading and route the information to the appropriate 
set of rotary switches. There are three of these sets, 
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one for the turret and one for each of the table move- 
ments ; their function is to store the next required 
movement. When the previous punch stroke has been 
completed, the three movements take place simul- 
taneously under the control of the rotary switch sets 
and the associated motor-control relays. The actual 
turret and table positions are fed into the rotary 
switch sets continuously from digitisers whose func- 
tion is to convert the positions to an electrical code to 
an accuracy of +0-01 in. As the desired position is 
approached, the motor speeds are reduced ; when the 
digitiser signals coincidence with the desired position, 
the corresponding drive is switched off and a brake 
applied, and when all three movements have finished, 
a signal actuates the punch. Adequate interlocks and 
circuits are provided to minimise faulty operation of 
the system. 

The system has now been working with entire 
satisfaction for some weeks and the desired accuracy 
has been achieved. Use of tape programming enables 
frequently used patterns of panel cut-outs each to be 
programmed on a “library” tape which can be 
readily reproduced and inserted into a plate pro- 
gramme tape ; this has been instrumental in saving 
much office time. Besides resulting in improved 
accuracy of the finished product, the automatic control 
has reduced the average time for punching a plate by 
about a third—a most satisfactory result. 


ELECTRONIC EQUIPMENT. 
UNDERGROUND LISTENING EQUIPMENT. 

A highly efficient electronic listening equipment has 
been developed to enable rescue parties to detect 
the presence of miners trapped underground. Of 
the various possible methods of communication the 
most attractive is an electro-acoustic one, because it 
does not require the trapped men to have any special 
equipment with them. The principle involved is that 
they shall strike the walls, roof or floor of the space in 
which they are trapped with anything available, such 
as a tool, a piece of coal, etc., and that the sound 
travelling through the ground should be picked up by 
rescue teams equipped with very sensitive electronic 
detectors. 

Early attempts to use electronic amplifiers in con- 
nection with acoustic signalling were not very success- 
ful because the higher frequency sounds, to which 
pickup devices are most sensitive, are much weakened 
by passage through earth and rock. Furthermore, the 
weak signals were masked by the electrical noise 
introduced by early types of high-gain amplifier and 
by the noise of movements of the operator. 

The new equipment uses a geophone (a special 
form of transducer) spaced up to 100 yards away from 
an amplifier incorporating modern low-noise valves, 
and a special switched input circuit which enables the 
most favourable frequency in the band 25 c/s to 250 c/s 
to be selected. In addition, the equipment is “ in- 
trinsically safe”’ and is robust enough to withstand 
the most severe mine conditions, including working in 
wet locations. Clear hammering signals have been 
obtained underground over!distances of more than a 
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Fig. 2.—Underground listening equipment. 


quarter of a mile, even when machinery was contribut- 
ing a considerable amount of “ earth noise ”’. 


AUTOMATIC TEST EQUIPMENT. 

A new type of test equipment for checking electrical 
installations in aircraft has been designed. Although 
this equipment has been used first for radar installa- 
tions, the principles of its operation could equally well 
be applied to the testing of any complex electrical 
system where the time for which a unit is taken out of 
action for maintenance must be kept short. 

Automatic testing of a limited nature has been used 
in industry for many years, but has generally been 
confined to a few types of measurement such as 
resistance, voltage and capacitance, with relatively 
low accuracy. The present equipment may be adapted 
for the application of rapid, high-accuracy measure- 
ments to any complex equipment where up to 300 
signals (static or dynamic) need testing regularly. 
These signals may be of a complex nature, and adverse 
environmental conditions may prevail. 

One of the main features of the equipment is the 
high accuracy of the quantitative measurements ; 
voltages are measured to an accuracy of 0-2 per cent, 
at the rate of four per second. The accuracies attain- 
able are higher than those usual in field tests, because 
the need to accept human reading errors, and to use 
robust and relatively inaccurate instruments, has been 
eliminated. Reliability and high stability have been 
made essential factors in the design. Physical quantities 
that can be converted to electrical voltages can be 
measured, also electrical waveforms ; the operator may 
be relatively unskilled, and does not have to exercise 
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discretion. Access to a single test point only is needed ; 
all tests are on a go/no-go basis, but additional 
equipment could be added to indicate “ incipient 
failure” when some critical tolerance was reached. 
The equipment can easily be modified to deal with 
system changes, and, since it measures many electrical 
quantities, it can be adapted to any other fields where 
such measurements are required as a matter of routine. 
It might be used, for example, in testing the circuits 
for nuclear reactor control, automatic industrial 
production and control systems, railway signalling and 
electronic computers. 


VIBRATION GENERATOR. 

To meet the requirement for a high performance 
vibration generator equipment a medium-thrust 
(+300 Ib.) machine of wide frequency range has been 
developed. It is suitable for reliability and fatigue 
tests, resonance examinations, etc. 

Novel mechanical features include a _ vibration 
platform that is cast integrally with the centre spindle 
and internal stiffening webs. This results in a robust 
moving system that is free from resonances below 
5 Kc/s and which has a useful performance beyond 
10 Kes. 

The driving power for the generator is fed into the 
moving system inductively to eliminate vibrating coils 
and connections. A constant-impedance characteristic 
is also obtained, which considerably simplifies the 
matching of the generator to an amplifier. 


REFLECTOMETER DISPLAY SYSTEM. 

The wide-band reflectometer display system, briefly 
described last year,* is now available as a commercial 
instrument and forms a useful device for testing wide- 
band waveguide and coaxial components. It is 
available in Waveguide 16 for X-Band (7,500 Mc/s to 
11,000 Mc/s) and in Coaxial Line for S-Band (2,400 
Mc's to 4,000 Mc/s). The power supplies, oscillator 
control panel and display system in other bands in the 
range 1,000 Mc/s to 16,000 Mc/s are available to meet 
special requirements, but in general waveguide 
benches cannot be supplied. 


LIGHTWEIGHT HIGH-VOLTAGE TRANSFORMERS AND CHOKES. 

A range of high-voltage transformers and chokes 
that have small size and weight for the ratings involved 
has been developed. These components are designed 
for use in airborne electronic equipment and are based 
on the skilful application of recent advances in resin 
casting techniques. Because of the high electrical 
stresses in the small transformers used in electronic 


* G.E.C. Fournal, Vol. 25, p. 87, January, 1958. 


equipment it has hitherto been necessary to use oil 
filling where high voltages were concerned, with all 
the attendant difficulties of entrapped air, expansion on 
load, fire hazard, etc. Many ,manufacturers have 
attempted to substitute solid cast resins for oil, but 
with little success because of troubles associated with 
cracking, and ionisation in air pockets. However, by 
careful consideration of the properties of the resins 
and by the use of suitable filler materials the Applied 
Electronics Laboratories have developed components 
that have withstood prolonged full-load tests at 
temperatures up to 85 deg. C. Weight reductions 
compared with oil-filled units have been considerable 
and in some cases exceed 75 per cent. 





Fig. 3.—Lightweight high-voltage transformers. 


METERS. 

During the past year development was com- 
pleted of a new type of polyphase kilowatt-hour 
meter, which has the distinguishing feature of greatly 
reduced size. This has been achieved by the use of a 
single disc of novel design in place of the more usual 
arrangement of three separate discs mounted on a 
common shaft. Two of the three electro-magnet 
units associated with these discs are arranged diametri- 
cally opposite each other in the new meter, the third 
unit being mounted at right angles behind the disc 
shaft. 

Three independent adjustments are provided for 
torque balance, low load, and power-factor calibration, 
all being easily accessible. Full load adjustment is 
obtained by means of a movable magnetic shunt located 
between the two damping magnets which are mounted 
at the front of the meter. 
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Checking protective equipment on the The Witton Network Analyser. 
44,000 amp test plant at Witton. 
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Loading desk and loading diagram of a Central Electricity Generating Board grid control centre. 
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ELECTRIC RAILWAY TRACTION. 

Notable among the contracts for traction equipment 
is the order placed by the London Transport Executive 
for over 1,200 motors for the tube and surface rolling 
stock operating on the Piccadilly and Metropolitan 
lines. Those for the Piccadilly line total 760 and have 
a continuous rating of 80-5 h.p. at 66 per cent field. 
They will be generally similar to the 32 machines 
previously supplied for three prototype tube trains 
now running on that section. The corresponding 
rating of the 446 Metropolitan line motors is 69-5 h.p. 
at full field. 

All the machines will be self-ventilated and axle- 
hung with roller suspension bearings in accordance 


rolling stock operating on the 5 ft. 6 in. gauge line 
connecting Lisbon with Estoril and Cascais. Equip- 
ment for two traction substations has also been 
supplied. The coaches will be of stainless steel 
construction and will be built by the Sociedades 
Reunidas de Fabricagoes Metalicas Lda. of Amadora, 
who will also undertake the erection of the electrical 
equipment. 

These new trains represent a departure from pre- 
vious Estoril Railway practice in that the units will 
be semi-permanently coupled to form 4-coach trains 
with a driving trailer at each end. Each motor coach 
will be powered by four axle-hung motors with an 
hourly rating of 170 h.p. in weak field. Control will be 
by electro-pneumatic contactors with automatic accele- 
ration and provision will be made for arresting the 
progression at an intermediate weak-field notch when 
working stopping trains. The normal rate of accelera- 
tion for a fully loaded train will be 1-12 m.p.h./sec. 
but a lower rate can be selected if rail conditions make 
this desirable. The maximum service speed will be 
56 m.p.h. 
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Fig. |.—Automatic changeover system, 25 kV 6-6 kV. 
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The 25 kV a.c. equipments for the 
multiple-unit trains and for the 3,300 
h.p. electric locomotives for British 
Railways are now in course of manu- 
facture. The multiple unit trains, of 
which 71 are being equipped, are for 
service on the Eastern Region main 
line from Liverpool Street to Bishop’s 
Stortford and branches to Enfield and 
Chingford, while the ten 3,300 h.p. 
locomotives will operate on the Lon- 
don Midland Region. 

Where clearances are limited, in 
tunnels and under certain bridges, it 
is necessary to reduce the 25 kV supply 
to 6-6 kV and mention was made in a 
previous progress review (January, 
1958) of a changeover system which 
had been developed for regulating the 
voltage of the transformers which 
supply the rectifying units on the 
trains and locomotives. The equip- 
ment is fully automatic and calls for 
no action on the part of the driver as 
the train passes from one section to 
another. A capacitance potential 
divider is mounted in the roof of the 
vehicle and the change in voltage is 
detected by a sequence of relays which 
in turn actuates a tap-changing switch 
on the main transformer, the time 
allowed for the changeover being 
limited to 2 seconds. (A simplified 
circuit diagram is shown in fig. 1.) 
The receiver relays are tripped magnetically by 
inductors on the track on approaching a neutral 
section, and are reset electro-magnetically on entering 
the live section. 

The equipment is proof against inadvertent opera- 
tion due to the motion of the train and has success- 
fully undergone extensive tests in the works. 

Running trials on two experimental regenerative 
equipments for London Transport tube trains have 
been successfully completed during the year and much 
valuable information has been obtained on their 
performance under widely varying conditions of 
service. 


DIESEL-ELECTRIC TRACTION. 

The ten 800 h.p. and ten 1,000 h.p. diesel-electric 
locomotives which were covered by the first contract 
received from British Railways are now in service. 
During the year a further order was placed for 
twenty 1,000 h.p. locomotives, bringing the total of this 
rating up to fifty-eight. A full description of the 800 
h.p. locomotives has already appeared in an earlier 
issue.* 

The contracts for one hundred 350 h.p. diesel- 
electric locomotives for service on the Eastern Region 
of British Railways have been completed with the 


* G.E.C. Journal, Vol. 25, pp. 206-211, October, 1958. 
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Fig. 2.—Witton train performance calculator. 


commissioning of the 40 locomotives in the 1958 
programme. 

Construction of the electrical equipment has been 
completed for five high-speed diesel-electric train 
sets. These trains have been planned to provide a 
high degree of passenger comfort and will run on the 
London services to Birmingham, Manchester and 
Bristol. It is intended that they should come into 
operation during 1959. 


TRAIN PERFORMANCE CALCULATOR. 

The calculation of train performance from data of 
locomotive characteristics, train resistance and gradi- 
ents is fundamental work which consumes consider- 
able time when performed by conventional methods. 
With the installation of a train performance calculator, 
results formerly taking about half-an-hour to reach 
can be obtained in two minutes. The value of such 
saving in time needs no emphasis particularly now 
that the many large electric and diesel-electric projects 
in hand and contemplated are submitting the technical 
staff to an unusual pressure. 

The calculator (fig. 2) is of the type developed at 
the Manchester College of Science and Technology, 
and was described in a paper presented to the Measure- 
ment and Utilisation Sections of the Institution of 
Electrical Engineers in London on April 15, 1958, 
by Professor E. Bradshaw and Mr. F. Cooke of that 








college, and Mr. W. Wagstaff, a former member of 
the college staff. In conjunction with the network 
analyser to which reference is made on p. 35, the 
calculator affords facilities for the whole range of 
investigations involved in traction projects. 

The signals which actuate the performance calculator 
are derived from curve followers “ reading ” charts of 
locomotive characteristics and train resistance curves, 
and from a punched tape record of gradients expressed 
in binary code form. From these inputs, curves of 
speed are plotted against bases of distance and time 
(fig. 3) together with a current-time curve if required. 
Provision is made also for recording energy consump- 
tion and dissipation in the motor circuit, derived from a 
curve follower reading the motor current curve. The 
operator simulates braking and coasting by manipu- 
lating switches at the appropriate moments as observed 
by watching the progress of the recording pen on the 
speed/distance chart. Various modifications of the 
prototype have been incorporated in the calculator at 
Witton, among which are the automatic overriding of 
tractive effort when the braking switch is operated, 
and the increase of tractive resistance by an appropriate 
figure when coasting is simulated. A switch control 
has also been evolved for changing from one locomo- 
tive characteristic to another while the machine is 


Progress 1958 


running, giving the effect of a driver operating his 
controller. It has been found practicable to use the same 
gradient tape for runs in both directions over a route by 
slight modifications to the method of punching and the 
provision of an additional switch on the machine. If the 
calculator is shut down in the middle of a run, the 
gradient relays drop out, but they can be reset from 
switches on the front panel when plotting is resumed. 

The calculator has predicted speeds in many cases 
within | m.p.h. of the actual figure when plotting per- 
formance curves before the trial runs of the first of 
the North British-G.E.C. 800 h.p. diesel-electric 
locomotives. 

The versatility of the calculator enables train 
performance calculations involving a wide range of 
data to be carried out in a minimum of time, but it 
must be emphasised that it is in no sense a substitute 
for the experience required in making the first selec- 
tion of suitable characteristics for a specific duty. By 
greatly facilitating the investigation of different 
possibilities, however, it helps to ensure that specifica- 
tion requirements are met in the most satisfactory 
manner possible, and it affords a tremendous saving in 
the time required to calculate the performance of a 
given locomotive under the varied conditions it will 
encounter in service. 
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Fig. 3.—Speed distance curve, with corresponding gradient chart. 
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Fig. 4.—Glasgow-Helensburgh 25 kV overhead electrification. 


RAILWAY TELECOMMUNICATIONS. 

The decision by British Railways to introduce 25 kV 
single-phase electric traction systems under the 
modernisation plan for the main trunk rail routes in 
Great Britain has called for a special series of tele- 
communication cable designs in order to prevent 
excessive induced voltage in the telephone circuits 
associated with these routes. 

A full range of cables to suit these conditions has 
been designed by Pirelli-General to comply with the 
British Railways specification, to operate under 
conditions of traction feeding either with or without 
booster transformers. 

In conjunction with the 
Siemens and General Electric 
Railway Signal Company 
Ltd., who are supplying 
specialised signalling equip- 
ment, Pirelli-General have 
been entrusted with the 
supply and installation of 
some 90,000 yards of special 
telecommunication cable for 
the Colchester to Clacton 
pilot section of the Eastern 
Region electrification. 


RAILWAY OVERHEAD 
ELECTRIFICATION. 
Work on the contract to 

provide overhead equipment 

for nearly 200 single-track 
miles of railway for the 
electrification of the Glasgow 

Suburban Lines of British 

Railways began in January, 

1958, and it is expected that a 
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short section will soon be completed so that 
the railway staff can be trained in the work- 
ing of the rolling stock ready for the opening for 
public use of the section north of the Clyde in 
1960. 

To facilitate the erection of the supporting 
structures, special mechanised plant has been 
devised which comprises a rail-mounted earth 
auger to drill for the foundations, a steelwork 
unit with crane to erect the supports, and a 
separate concreting train incorporating its own 
generator which supplies power for material 
conveyors, concrete mixers and a placing unit 
for the mixed concrete. There is also a wiring 
train to complete the erection of the conductors. 





MARINE EQUIPMENT. 

Auxiliary power equipment has been com- 
missioned on three 18,000 ton oil tankers 
belonging to Shell Tankers Ltd. Each of the 
three is fitted with a combined main and group 
switchboard for two 400 kW alternators, one 100 
kW alternator, and thirteen auxiliary motors. 

Propulsion equipment is in hand for two 
stern-fishing trawlers and fish factories for 
Salversens Ltd. Each ship has a 2,000 h.p. propeller 
motor supplied by three 660 kW Ward Leonard 
generators, any one of which may be switched over 
to supply the 270 h.p. trawl winch. 

The diesel-electric pilot vessel “‘ Arnet Robinson ” 
was commissioned during the year and is now in 
service with the Mersey Docks and Harbour Board. 
The ‘“‘ Arnet Robinson ”, which was described in the 
July, 1958, issue of the G.E.C. Journal, has a propul- 
sion motor rated at 920 h.p. at 300 r.p.m. and is the 
third vessel of this fleet to be equipped with G.E.C. 
electric propulsion equipment. 





Fig. 5.—2,000 s.h.p. propulsion motor for fish factory vessel. 
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** Designed Appearance Lighting *’ 
in Gloucester Cathedral. 








Cold cathode lighting in the Nelson 
Room at Lloyd’s of London. 


Crystal glass and silver bronze 
chandelier in the Livery Hall of the 
City of London’s Guildhall. 


High bay lighting at Swan Hunter 
and Wigham Richardson Ltd., 
Wallsend-on-Tyne. 
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Lighting Installations 








Floodlighting at the Vicarage Field 
ground of Barking Football Club. 


Fluorescent lighting at Glasgow 
Central Station. 

















Fluorescent street lighting in Sloane 
Street, London. 





‘*The Talk of the Town’’—a 
Claudgen neon sign at Hippodrome 
Corner, Charing Cross Road, London. 
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Lamps and Lighting 


NEW LAMP DEVELOPMENT LABORATORIES. 

Until a few years ago lamp development took place 
mainly in the Research Laboratories at Wembley, 
the research teams being responsible not only for 
fundamental investigations and the early stages of 
development, but also for the preparation of new 
lamp types for the production line. 

It is well known that the lamp industry is already 
highly mechanised but, in spite of the progress made 
over the past twenty years, further mechanisation is 
still necessary to increase factory efficiencies. At the 
same time the flexibility of the production lines must 
be improved to allow rapid introduction of new lamp 
types to the market. 

These factors have led, over the past three years, to 
the establishment within the Lamp Works organisa- 
tion of Development and Mechanical Engineering 
Laboratories, which are concentrating on the rapid 
development of new lamp types and on improved and 
cheaper production methods. These laboratories are 
situated in the producing factories and their physicists 
and engineers work in close contact with the produc- 
tion teams. 

The Incandescent Lamp Development Laboratory, 
in the Wembley Lamp Works, was started some three 
years ago, and is now contributing its full share to the 
further advancement of the Osram lamp business. 
The Discharge Lamp Development Laboratory, at 
Shaw Lamp Works, is of more recent origin and is 
growing rapidly in establishment and influence. 

In addition to these two lamp laboratories, there is a 
Mechanical Engineering Laboratory at Hammersmith 
which, working closely with the lamp laboratories, 
designs production plant for new lamp types and 
improves existing plant to allow a higher standard of 
production quality and a lower manufacturing cost. 


INCANDESCENT LAMPS. 

Large economies in the production and distribution 
costs of a long-established mass-produced article are 
not easy to achieve, and hence it is difficult to reduce 
the cost to the consumer. Nevertheless, a substantial 
reduction has recently been made in the price of the 
lower wattage coiled-coil lamps. Thus the lower 
wattage single-coil and coiled-coil General Lighting 
Service (G.L.S.) lamps, which are used widely in the 
home, are probably unique in that their basic price is 
now less than it was before the war. In terms of 
nearly all other commodities, they are priced, in 
effect, at about one-third of the 1939 level. 


These economies have been achieved concurrently 
with a steady improvement in quality and performance. 
Clearly, in a device in which no expense has been 
spared over many years in research and development, 
performance in terms of luminous efficiency and life 
has been raised close to the ceiling set by the evapora- 
tion properties of tungsten. Thus only modest 
advances are possible, and to hold this high level of 
performance uniform from lamp to lamp and from 
batch to batch is an equally important aim of the 
lamp engineer. Life uniformity is of particular 
significance since the repeated replacement of the 
short-lived lamp and the low light output of the 
long-lived lamp are both uneconomic propositions. 
It will be appreciated that the problem of improving 
life uniformity is formidable when it is realised that a 
one per cent increase in the operating temperature of a 
filament results in a 37 per cent decrease in its life. The 
necessary temperature uniformity from lamp to lamp 
can be achieved only by the close control of many 
factors, of which the filament length and diameter are 
the most important. For example, filament diameter 
must be held within one per cent of the design dimen- 
sion, and in 240 V 100 W lamps the filament diameter 
is only 0-002 in. 

Human skills are still relied upon to a considerable 
extent in making the delicate measurements on which 
control of lamp performance is based, and further 
advances in this direction may well be increasingly 
dependent upon electronic aids. Already the final 
inspection and testing of Osram lamps in the lower 
wattage ranges is carried out almost entirely by 
electronic equipment. Among the many tests to 
which the machine subjects each lamp as it leaves the 
production line is one for initial rating characteristics, 
which are paramount in controlling lamp life. 

From its shape, the 50 mm. round-bulb lamp is 
generally classed as a decorative type, but its efficiency 
is comparable with that of the familiar pear-shaped 
G.L.S. lamp of the same wattage rating. It is not 
surprising, therefore, that the round-bulb lamp is 
increasingly used for general lighting of more decora- 
tive character. Special fittings using these lamps in 
sprays and clusters were introduced some eighteen 
months ago and owing to their popularity the range 
has been extended. 

Much attention has recently been paid to the 
design of projector lamps. Advances in this field are 
frequently the result of liaison between the projector 
designers and lamp designers. The main aim is to 


Lamps and Lighting 51 


produce as bright and uniform a picture as possible, 
with the minimum wattage input, while reducing the 
size and complexity of the unit and maintaining ease of 
adjustment. For forced-air-cooled units the trend has 
been to reduce the size of lamp and to replace the 
prefocus cap by a smaller centre-contact cap. The 
high voltage 300 W coiled-coil lamp (A1/34), using 
a 27 mm. soft glass bulb and single centre contact cap, 
is typical of this trend and is now well established. A 
high voltage 500 W biplane lamp (A1/176) has also 
been developed with the same bulb and cap. Both 
lamps have fuses within the cap, and a special foam 
resin, filling the cap and foot tube well, prevents the 
build-up of a destructive arc should the fuse blow. 





Fig. |.—50 W reflecting lamp for 8 mm. projectors. 


Another trend in projector lamp design is to elimi- 
nate the need for one or more of the optical components 
of the pfojector by combining them in the lamp. An 
8 V 50 W reflecting projector lamp is being developed 
by the G.E.C. The rear surface of the bulb is an 
ellipsoidal reflector which forms a magnified image of 
the filament in the gate of the projector (fig. 1). 
The front has a spherical reflecting surface except for 
a central circular area large enough to permit the 
emergence of the cone of rays from the rear mirror. 
The filament is at the centre of this surface and light 
normally lost forwards is reflected back to form a 
secondary image of the filament in the filament plane. 
The lamp thus serves the purpose of the condenser and 
reflector in a normal projector. The present lamp is 
intended for 8 mm. projectors and the combined 
efficiency of lamp and projector is sufficiently high for 
a lamp consumption of 50 watts to be adequate. This 
enables the normal cooling fan and motor to be 
dispensed with. A small step-down transformer, is, 


of course, necessary to energise the lamp from the 
normal supply mains. 

The wide scope of the tungsten lamp is emphasised 
by the appearance each year of several new or modified 
designs to meet the ever-widening needs of the 
consumer. Only brief mention can be made of a few 
types, in or nearing the production stage, such as the 
new rough service lamp with a specially robust 
filament construction. This gives excellent reliability 
under shock and vibration, with almost complete 
freedom from television interference—an occasional 
difficulty with earlier rough service lamps. The 
** Lilliput ” Christmas tree decoration lamps with 40 
lamps to the string have also been most successful. 
A car headlight bulb with a shielded filament, which 
gives a flat-topped beam to reduce dazzle in passing, 
has been evolved and is now being fitted as original 
equipment in many British cars. 

The high voltage 500 W reflector spotlight first 
introduced in 1957 has been effectively adapted for 
stage lighting in the production of ‘‘ My Fair Lady ” 
at the Theatre Royal, Drury Lane, London, and is 
being tried out in other theatres. The problems 
mentioned last year of converting the well-established 
linear quartz-tungsten heater into a light source by 
increasing its rating have been partially solved, and 
trial installations of these lamps for football field 
lighting are being studied. 


FLUORESCENT TUBES, HIGH PRESSURE MERCURY 

VAPOUR AND SODIUM LAMPS. 

The 5 ft. 80 W “ Universal Start ” fluorescent tube 
introduced last November is a notable advance in this 
field. The application of a reliable starting stripe by 
high-speed automatic machinery (fig. 2) has reduced 
the cost of striping to a point where the tube can be 
offered at the same price as the unstriped tube. The 
process is being extended to cover all sizes and ratings 
in the range of Osram guaranteed tubes. Since it 
operates in all switch and switchless start circuits, 
only one type of tube in each rating and colour will 





Fig. 2.—Applying starting stripes to Osram tubes. 
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need to be stocked. The new tube will almost cer- 
tainly increase still further the growing preference for 
switchless start circuits. The stripe consists of a 
conducting enamel automatically painted on the 
tube and fired during the pumping process, and 
positive electrical contact is made to the cap shell at 
both ends of the tube. It is more robust than the 
nickel ribbon stripe previously applied and will 
withstand the worst hazards in handling. 

The efficiency performance of tubes in the more 
widely used colours has again been increased, as shown 
in table 1. This has been made possible partly through 
the particle size classification of the phosphors, dis- 
cussed later, and partly through the detailed study of 
the tube coating and exhausting 
operations. 

Efficiencies of cold cathode tubes 
have also been increased, and the new 
figures are shown in table 2. 

Methods of increasing the wattage 


improvements of up to 3 lm/W in initial and up to 
5 lm/W in average-through-life efficiencies. 

Improvement in the colour rendering properties of 
HPMV lamps beyond that obtainable with fluorescent 
powder coatings is receiving considerable attention. 
This has involved a detailed study of high-pressure 
discharges in the vapours of such metals as zinc and 
cadmium. Considerable progress has been made and 
prototype lamps containing zinc and mercury vapour 
at high pressure have been shown to have excellent 
colour characteristics. The main technical problem 
encountered in this work arises from the reaction 
between the quartz envelope and zinc vapour at high 
temperatures. 


TABLE 1. 


INCREASED EFFICIENCIES OF FLUORESCENT TUBES. 


(Previous declared figures are given in brackets) 
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is now being given to establishing the 

detailed design characteristics of a 

tube suitable for production and marketing. The new 
tube is rated at 125 W and is dimensionally identical 
with the standard 5 ft. 80 W tube. It is expected to 
operate at a current of 1-2 A and a tube voltage of 
about 125 V, with an initial light output of about 7,000 
lumens for the “ Daylight” colour. 

In common with all other classes of lamp, the 
performance in life and efficiency of high-pressure 
mercury vapour lamps continues to show an upward 
trend. The declared life has been increased from 
4,000 to 5,000 hours in all types. There have been 


TABLE 2. 


INCREASED EFFICIENCIES OF 
COLD CATHODE TUBES. 


9 ft. 6 in. overall, 20 mm. diameter, 6-75 watts) 








Initial Efficiency Average Efficiency 
Colour at 100 hr. through life 
(Lumens watt) (Lumens watt) 
Daylight 45 38 
Intermediate 45 38 
White 46 39 
Warm White 48 41 
Natural 38 33 
De-luxe 
Warm White 35 26 
Colour 
Matching 35 26 











In the sodium lamp, the most efficient of all light 
sources, performance has also been steadily improved 
over the years. The present need is to increase the 
lumen output of the lamp, without increasing its 
bulk. This is not a straightforward problem of 
redesigning the lamp, since the light, which is almost 
entirely resonance radiation, is produced efficiently 
only over certain limited ranges of current density 
in the arc and pressure of the sodium vapour. The 
vapour pressure is itself a function of the temperature 
of the arc tube, which is dependent upon the wattage 
loading of the lamp. These characteristics are near 
to the optimum for maximum efficiency in the present 
range of lamps. 

Nevertheless, it has been found possible to design 
with little loss of efficiency a lamp closely similar in 
size and appearance to the present 140 W Integral 
lamp, but with a loading of 280 W. This has been 
achieved by means of a special construction which 
uses two 140 W arc tubes in the same outer jacket, 
thus retaining the characteristics of good starting 
and reliability of the Osram Integral design. Each 
arc tube operates from a separate ballast. This 
advance helps to meet the urgent need for higher 
levels of streetlighting, particularly on approach 
roads to built-up areas. 


LABORATORY LAMPS. 
There is an increasing need for radiation sources 
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with a closely specified spectral emission for laboratory 
use. The mercury 198 isotope lamp, in which certain 
of the emission lines have an exceptional purity, has 
been made in small numbers for about four years. 
With increasing demand, an improved performance 
has been obtained by the special techniques now used 
for processing these lamps. The standard range of 
Osram laboratory lamps has also been completely 
redesigned to facilitate production and provide an article 
of appearance more in keeping with present trends. 


PHOSPHORS 


It is well known that phosphor milling treatments 
which are used to produce a satisfactory coating 
texture also cause a reduction in luminous efficiency 
of the tube. This is due primarily to the creation of a 
proportion of ultra-fine particles which have a poor 
luminescent efficiency. Advances have been made in 
the technique of particle-size classification of phos- 
phors to remove these ultra-fine particles and to 
reduce the milling at present required to achieve 
coatings of good texture. The new technique enables 
halophosphates and other phosphors to be classified 
into fractions of controlled particle size in the sub- 
sieve range. This results in a gain in tube efficiency of 
some six to eight per cent. 


CONTROL GEAR FOR DISCHARGE LAMPS. 


Considerable experience has now been gained in the 
use of transistor inverters for operation of fluorescent 
tubes from low voltage d.c. supplies and there is 
every indication that a number of important applica- 
tions will follow this new development. A consider- 
able number of units for operating 20 W tubes from a 
nominal 24 V d.c. supply have already been supplied 
to British Railways for trial in the Caledonian expresses 
of London Midland Region. As a result of this, 
orders totalling many hundreds of units have been 
received from both British Railways and the Pullman 
Car Co. Ltd. 

Another type of transistor inverter is in quantity 
production for the Vickers “ Vanguard” aircraft, 
where it operates 4 ft. and 3 ft. tubes from a 28 V d.c. 
supply. Several other types of inverters are being 
designed. 

Technical advances in auxiliary gear for discharge 
lamps can take the form of new circuit arrangements or 
improved designs of gear to give more efficient 
performance or lower production costs. In one or 
other of these ways, significant progress has been 
made recently in equipment for almost the whole 
range of lamp types and conditions of operation. 
Interesting examples include the operation of 5 ft. 1 in. 
50 W tubes from 220/250 V 50 c/s supplies and 
2 ft. 40 W tubes from 105/127 V 50 c/s supplies 
by means of a circuit giving constant-current 
cathode pre-heating. A similar circuit may also be 
used for the miniature 6 W 9 in. and 8 W 12 in. 
tubes. Other circuits have been adapted to operate 
these small tubes in pairs from normal supply mains. 

For 400 c/s supplies, the circuit shown in fig. 3 


is now being used in a lighting installation of 4 ft. 
fluorescent tubes operating at 16 watts in the Vickers 
““ Vanguard ” aircraft in addition to the transistorised 
gear mentioned earlier. At 16 watts the tubes operate 
at a brightness sufficiently low to avoid the glare 
which would otherwise result from the low mounting 
height in the aircraft. A toroidal powder core is 
used for the ballast to save weight, while the starting 
voltage is derived by series resonance. An instal- 
lation of a similar circuit operating 5 ft. tubes at 
50 watts from an 850 c/s supply has been tested in 
underground rolling stock for the London Transport 
Executive, and is now in preduction. 

In streetlighting, the demand for slimmer posts has 
necessitated the redesign of ballasts for sodium lamps 
with cores of thinner cross-section to enable them to 
enter the smaller gear compartment in the base of the 
post. 

For the 1 kW HPMV lamp it has hitherto been 
necessary to provide a 400 volt supply. Special 
control gear is now available which enables these 
Osram lamps, with their high luminous efficiency, to 
operate from 200/250 V a.c. supplies. 


MANUFACTURE OF SILICA TUBING. 

A notable event at the Osram Glass Works, 
Wembley, in July was the start of manufacture of 
transparent silica tubing by automatic machinery. 
The tubing is made by a vertical drawing process 
developed initially by the German Osram Lamp 
Company in Berlin, and is thought to be one of the 
first equipments of its kind to be working outside 
Germany. The Company will shortly be able to supply 
completely its own expanding requirements of silica 
tubing. 

The equipment can produce tubing in a range of 
diameters from 3 mm. to 20 mm. It consists essentially 
of a vertical cylindrical tungsten crucible surrounded by 
a circle of tungsten heater rods through which is 
passed a very heavy current. The whole tungsten 
assembly is surrounded by an insulating refractory 
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Fig. 3.—Circuit for operating fluorescent tubes at 400 c s. 
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jacket and maintained in a forming gas atmosphere. 
The crucible is charged through the top with Brazilian 
rock crystal of the highest purity. This is melted at 
2,000 deg. C. and is drawn downwards from the 
bottom of the crucible, through an annulus formed 
between a molybdenum die and mandrel, by means of 
a caterpillar drawing gear. 


INTERIOR LIGHTING. 

Lighting engineers are devoting much attention to 
the design of the visual field ; that is, to the determina- 
tion of those factors which make a lighting installation 
visually attractive and efficient. The work of Waldram 
in establishing a system to produce a “ Designed 
Appearance ” has increased our understanding of the 
factors involved, but there is still much scope for 
amplifying such knowledge and simplifying the 
methods of calculation. Some progress has been 
made in both directions in the past year, particularly 
in evolving simple and more routine methods of 
design. It seems likely that such methods will replace 
much of the “ rule-of-thumb” technique so often 
employed at present. 

In parallel with these general investigations, studies 
of particular problems have resulted in several lighting 
installations of special interest. These include the 
Bank of England, the Bank of London and South 
America, and Lloyd’s new building ; in each installa- 
tion the engineering requirements had to be married to 
an attractive appearance. 

A lighting system in which decorative effect was of 
paramount importance was installed for the new 
London cabaret-restaurant “ Talk of the Town”. 
Here the growing influence 
on design of the new small 
bulb lamps is strongly ex- 
pressed, but in this instance 
the conventional round bulb 
is replaced by a star-like 
form giving a lively, scintil- 
lating effect. 

Although such special in- 
stallations are of great 
interest, standard units have 
to be used for the majority 
of lighting installations. The 
principle of easy _ inter- 
changeability, adopted in the 
101 range, is of great value 
in facilitating the production 
of a great variety of units, 
with a correspondingly great 
variety of uses, from a 
relatively small number of 
components. This principle 
has been adopted in a new 
range of equipment for dis- 
play ; included in the range 
are spotlights, recessed lights 
and the many other devices 
demanded by this fascinating 
branch of lighting. 


The principle of interchangeability is employed 
also in two new ranges of decorative lighting equip- 
ment. In one of these, decorative glasses, some in 
white satin-etched opal and others with coloured 
strips, can be combined to give many attractive 
combinations of suspension and glassware. The 
other is a series of contemporary designs based on 
small-bulb incandescent lamps. Various shades and 
ornaments are available and with them the appear- 
ance of any fitting can be changed materially in a 
simple way. An attractive and inexpensive new range 
of home lighting fittings designed by Beverley Pick 
Associates is now being marketed by the G.E.C. 
Rigid p.v.c. is moulded into elliptical shapes in 
bright colours with a polished brass ornament. Pen- 
dant fittings and a table lamp are available. 

Some improvements and additions have been made 
to the 101 range of equipment for fluorescent tubes. 
The wide use of this equipment during the past year 
has confirmed the expectation that the 8 ft. tube with 
B.C. caps and holders would often prove economically 
superior to other sizes and that its use would increase, 
and that the bi-pin cap would commend itself for 5 ft. 
and shorter tubes. Among the large interior lighting 
installations now being completed is one involving 
11,000 twin-light fluorescent tube fittings. These 
will be used in a single manufacturing unit, in con- 
junction with suspended cable trunking. 

The ultimate concern of the user is that he should 
be able to purchase good equipment at reasonable 
cost. To produce good apparatus economically 
demands modern and efficient production techniques, 
and research and development would be of little use 





Fig. 4.—Floodlights at Niagara Falls. 
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without a constant search for improvements in methods 
of manufacture. For example, gravity die-casting is 
being replaced by pressure die-casting, and at the 
newly extended Lighting Fittings Works, where the 
most up-to-date painting plant has been installed, 
modern techniques such as hot spraying are now 
standard. 


GLOUCESTER CATHEDRAL. 

A striking example of the power of the “ Designed 
Appearance” technique was seen when the new 
lighting installation at Gloucester Cathedral was 
formally dedicated and handed over to the Dean, the 
Very Rev. Seiriol Evans, on April 17, 1958. The entire 
scheme was planned on paper and the results achieved 
with little experimental modification ; a remarkable 
achievement in an installation of such complexity. 

The lighting reveals beautifully the magnificent 
architecture of the Cathedral without drawing attention 
to the means by which the effects are achieved. A 
drift of light from south to north models the archi- 
tectural form and sculpture without over-dramatic 
emphasis, and several particularly interesting features, 
such as the pulpit and various pieces of statuary, are 
highlighted. Since individual parts of the Cathedral, 
such as the Nave and the Lady Chapel, are used more 
frequently than the complete building, the lighting is 
arranged so that each of these forms a self-contained 
complete scheme, but the integrated effect, when 
used, is itself coherent and satisfactory. 

The installation was planned in conjunction with 
the Cathedral architect, Colonel N. H. Waller, 
F.R.I.B.A., and installed in conjunction with Drake & 
Gorham (Contractors) Ltd. 


FLOODLIGHTING NIAGARA FALLS. 

This outstanding lighting installation was switched 
on at a special ceremony on June 20, 1958, and the 
results fulfil all expectations. Of the 20 units, five are 
normally trained on the American Falls, eight on the 
Canadian (Horseshoe) Falls, three on the face of 
Goat Island, two on the plume of spray from the 
Canadian Falls, and two on the rapids above the 
Falls. Most of the projectors are used with horizontal 
or vertical spreading glasses so that the whole pano- 
rama is lighted with brilliant effect enhanced by 
colour changing. The colours are varied by remote 
control from a master switchboard. Both in artistic 
conception and in practical execution this is a notable 
example of floodlighting and has earned high praise. 


STREET LIGHTING. 

The appearance of street lighting lanterns continues 
to be a major influence on their design and much work 
is now directed to achieving an attractive appearance, 
by day and night, without lowering the standard of 
performance. The tapered lantern for three 80 W 
fluorescent tubes is now a well-established example 
of the way in which looks and efficiency can be 
combined. In one installation alone, in London, 
388 of these lanterns are used together with 100 cut-off 
lanterns. Evolved from this is a new design having a 





Fig. 5.—Colour-modified H.P.M.V. road lighting at Shrewsbury.” 


strong canopy of extruded aluminium which permits 
a lantern of slim cross-section ; it can be used with 
either a tapered bowl or the more conventional 
“sac”? shape and houses two, three or four Osram 
fluorescent tubes. 

A post-top lantern housing a 400 W colour modified 
H.P.M.V. lamp has been designed specially for use at 
Welwyn Garden City ; the external appearance was 
styled by Louis de Soissons. A square post-top 
lantern, resembling the old-fashioned gas lamp has 
been produced ; the light source can be incandescent 
filament or colour modified H.P.M.V. A post-top 
lantern for fluorescent tubes with vertical refractors 
has also been introduced. These new lanterns 
emphasise two clear trends; first the increasing 
use of post-top designs for both main and side 
streets, and second, the growing popularity of the 
modern colour-modified H.P.M.V. lamp. The Z 8430 
lantern is proving even more popular in its form 
for use with colour modified lamps than in its original 
design for plain H.P.M.V. lamps. 

When control gear for discharge lamps is housed in 
the lantern, the size and shape of the gear obviously 
has a significant effect on design, and the design of 
smaller and neater control gear is being studied with 
the object of making the lantern more attractive. 

The appearance of street lighting columns is still 
frequently discussed, and although much of the 
discussion could be better informed it is generally 
agreed that a slim column, tapered from bottom to top, 
has much to commend it. This effect is achieved in a 
steel column, introduced during the year, having an 
octagonal cross-section. Great care has been taken not 
only to secure the necessary strength and rigidity, 
but also to ensure a long life by applying appropriate 
finishing processes. 

One way to reduce the “ clutter ” of street furniture 
is to use higher lanterns at longer spacing. This 
demands lanterns of higher light output than those 
normally used and the introduction of the 280 W 
sodium lamp is a move in this direction. 
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The non-cut-off lantern employing this lamp has a 
rather lower ratio of peak intensity to light output than 
is conventional, so that the advantage of higher light 
output will not be nullified by increased glare. 

Cold-cathode fluorescent tubes have proved to be 
valuable in places where maintenance is particularly 
expensive. Lanterns for these tubes tend to be 
bulky, but recently a lantern only 2 ft. long has been 
introduced. 

Among many detailed improvements of design and 
manufacturing technique is the introduction of a bowl 
for large sodium lanterns, injection-moulded in 
“ Diakon ”. Injection moulding permits high repeti- 
tional accuracy and close control of wall thickness. 

Experiments have continued on visibility in roads 
and the results of studies of tunnel lighting have been 
applied to the design of underpasses. 


AVIATION LIGHTING. 

Considerable experimental work has been carried 
out during the year on the problems of providing for a 
pilot visual indications of his correct glide path. These 
investigations are of importance both for landing on the 
ground and for landing on an aircraft carrier. Any 
system of lights which aims at giving the correct 
angle of approach must satisfy many conditions ; 
for example, it must be sufficiently accurate without 
being unnecessarily critical, it must be easily read 
and its message must not leave ambiguity or doubt. 
It must also be intelligible to all pilots, must not be 
too complex or depend upon subtle discrimination of 
colour, should be simple to operate and maintain, 
and preferably not be too expensive. 

One device which has proved of considerable value 
is the angle of approach indicator, showing the pilot 





Fig. 6.—Runway lighting at Southend Airport. 





Fig. 7.—High-intensity runway light type ZA 105. 


a green flashing light when he is on course, red when 
too low and yellow when too high. Earlier forms of 
this light suffered from lack of power and the 2 kW 
version introduced three years ago sought to remedy 
this defect. Operational experience has led to sub- 
stantial mechanical improvements, including specially 
wound heat-resisting motors and a revised driving 
mechanism. 

In a complete airfield installation the approach 
lighting is the major indication of glide path and 
there is a variety of equipment suitable for this 
purpose. Airport authorities are often anxious 
to standardise equipment as far as 
possible, and one design of light is 
now available in which the same basic 
form can be used for a variety of 
purposes. By suitable combination of 
lamps, refractors and colour filters 
the unit can be used as a low-intensity 
approach light, a runway light or a 
taxiway light. 

The high-intensity bi-directional 
runway light introduced last year has 
been improved to give a smoother 
omni-directional component for 
orbiting, and the mechanical construc- 
tion has also been modified. There is a 
large installation of these lights at 
Southend Airport giving excellent 
results. 

It is interesting to note that on 
Christmas Eve, when most of Britain’s 
major airports-were closed because of 
fog, Southend handled fifty-two diver- 
sions in addition to carrying its 
normal traffic, despite poor visibility. 

Eventually the airport had to close 
because all available parking spaces 
were full. 


Lamps and Lighting 


For helicopter operation also, a special lighting 
system is required. Work on this problem in con- 
junction with British European Airways has resulted 
in a better understanding of the basic requirements, 


Fig. 8.—Signalling light for air-traffic control. 


and a special medium-intensity ground light has been 
introduced, in addition to the low-intensity type 
introduced last year. 

An important auxiliary lighting device used on all 
airfields is the hand-operated air-traffic control light. 
This must be of light weight so that it can be held 
conveniently and must provide a choice of three 
colours (red, green or white). The unit must also 
give a high-intensity, discrete beam to avoid signals 
being given to the wrong aircraft, and the shutter 
mechanism which flashes the light must be reliable, 
light and quick to operate. All these requirements 
have been met in a new signalling lamp which has 
been developed in conjunction with various airport 
authorities over a period of three years. The lamp 
consumes 45 W at 6 V and gives a peak intensity of 
70,000 candelas (white light) with a beam spread to 
half the maximum intensity, i.e. 1} deg. An ingenious 
spring-loaded toggle action, operated by a trigger, 
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controls a two-bladed diaphragm between the lamp 
and the reflector to occult the beam. The lamp 
weighs only 3 Ib. 12 oz. 


TELEVISION STUDIO LIGHTING. 


As a result of a development programme of some 
18 months a new range of lighting units has been pro- 
duced. The main feature of these units is remote 
control by means of a long rod. This is not simple to 
achieve, as nine separate motions are required for each 
spotlight. These are: switching, focusing, tipping, 
panning, barndoor rotation and four barndoor leaves. 
On the “ scoop ” the motions required are panning and 
ulting. 

The method of construction of the spotlight has 
been completely altered to give a lightweight unit, 
while the lampholder has been redesigned to give 
greater robustness and reliability. The lens has also 
been redesigned to give a greater divergence in the’ 
“ full spread ” position. This new equipment, which 
is also available with conventional hand-controls, has 
been developed in close collaboration with both 
technical and artistic users. It marks a new step in the 





Fig. 9.—Television studio spotlights. 


emancipation of television lighting technique from 
film studio practice and should greatly increase the 
speed of setting-up on the studio floor. 
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Telecommunications 


G.R.A.C.E. 

On December 5, 1958, H.M. the Queen opened the 
new subscriber trunk-dialling service at Bristol 
exchange to mark the beginning of a new era in the 
use of telephones in the United Kingdom. Already 
subscribers in Bristol can make calls automatically, 
without the assistance of an operator, to subscribers in 
many towns throughout the United Kingdom, includ- 
ing those as far away as Edinburgh and Glasgow. 
Gradually, this service will be extended to subscribers 
in other towns until eventually all subscribers through- 
out the country will be able to call automatically any 
other subscriber. 

It is obvious that in the United Kingdom, where a 
vast network of trunk lines and telephone exchanges 
already exists, any subscriber trunk dialling system 
must make maximum use of the existing plant. 
Further, in a national dialling system each subscriber 
throughout the country must have a unique telephone 
number. For this purpose each exchange in the 
country has been given a unique code made up of two 
parts, the first part identifying the area or charging 
group in which the exchange is situated and the 
second the actual exchange. These codes are pre- 
fixed to the subscriber’s existing number to give the 
subscriber’s National number. The number of 
digits in existing numbers can vary between four and 
seven and the complete new national numbers have 
eight, nine, or ten digits. In each national number the 
first digit will be “0”, this being the digit giving 
access to G.R.A.C.E. (Group Routing and Charging 
Equipment). In future, an operator will be obtained by 
dialling “ 100”, since operators will still be required 
for such special services as personal calls and reverse- 
charge calls. 

Some of the advantages that will be gained under 
the new system will be a quicker service and cheaper 
long distance calls, particularly those of short duration. 
The present three-minute minimum call will be 
abolished in subscriber trunk dialling areas and 
trunk calls will be charged on a time basis—the 
longer the distance of the call the shorter will be the 
time allowed for a unit fee. 

To simplify the charging procedure the country 
will be divided into about six hundred charging 
groups, and the charge will be measured from the 
centre of a calling group to the centre of the called 
group, not between individual exchanges as at present. 
All calls between exchanges in a group will be classed 
as local. 

The register translator, which forms the major part 
of G.R.A.C.E., for this first installation has been 


manufactured by the G.E.C. It is an electronic 
equipment and is believed to be the first electronic 
register-translator in the world to go into regular 
service. It is important to note, however, that this 
electronic equipment is used solely to control the 
routing and charging of the call, and that all speech 
paths are through conventional electro-mechanical 
switches. 

The use of electronic components has the advantage 
over the more conventional electro-mechanical switches 
that the life of the equipment is largely independent of 
the number of operations, and depends only on the 
total time the equipment is in use. For this reason, 
wide use has been made in the equipment of the 
G.E.C. cold-cathode tube CCT6. These tubes have 
the advantage over hard valves that ageing occurs only 
while they are actually conducting, whereas ageing 
occurs in hard valves whenever the heaters are switched 
on. 
G.R.A.C.E. comprises three basic parts, the access 
equipment, the registers and the translators. The 
access equipment, which includes the call charger, is 
associated with a call throughout its duration and 
feeds pulses to the calling subscriber’s meter at regular 
intervals, the time between the successive pulses 
depending on the distance of the call as already 
mentioned. This information is fed to the call charger 
by the translator. 

A register is associated with a call only during the 
time that a connection between two subscribers is 
being established. The function of a register is to 
store all the digits dialled by a calling subscriber, and 
to transmit impulses to establish the required con- 
nection in accordance with instructions received from 
the translator. 

A translator is in use for an even shorter period of 
time—a matter of a few thousandths of a second— 
so that one translator can serve many registers. Its 
function is to translate the exchange code part of the 
number dialled by a subscriber into the routing digits 
required to route the call to the wanted exchange. The 
second part of the called subscriber’s number, which 
has been stored in the register, is then repeated over 
the trunk to actuate the switches in the distant 
exchange. 

The register-translator system is so designed that 
the “ brain ” of the system is located in the translator, 
thus providing for maximum simplicity in the relatively 
large number of registers. These may be considered 
to be made up of three parts, the first being an input 
unit where each of the digits dialled by the subscriber 
is detected, counted and stored. The second part is an 
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output unit, which receives coded information from 
the translator one digit at a time for each of the 
digits which have to be sent out and sends these 
out at the speed and in the form required by the 
electro-mechanical switching equipment. The third 
part is a programme unit which is controlled by 
the translator to record each of the stages reached 
by the register. 

When a subscriber has dialled his 
wanted number into the register 
stores, a signal is sent out to indicate 
that the services of a translator are 
required. The translator scans the 
output unit of each of its group of 
registers looking for that register | 
which requires service. The informa- 
tion concerning all of the dialled code 
digits stored in the register is then 
transferred to the translator, together 
with a signal from the programme unit 
to indicate that it is the first digit of 
the translation that is required. These 
data are combined with data from the 
“memory” or translation field, 
which give all the necessary informa- 
tion relating to the required exchange or charging 
group, and the first output digit required by the 
register is selected and returned to it. At the same 
time the translator sends signals to the call charger in 
the access equipment, and to the programme unit of 
the register, so that when a further digit is required the 
translator can recognise how far it has gone in the 
sending programme. 

As soon as this information has been passed to the 
register, the translator is free to supply information to 
other registers while the first digit of the sending 
programme is being transmitted. When this stage is 
complete, the translator re-connects itself to the 
register and supplies the second digit of the sending 
programme. This process is repeated until a con- 
nection is established to the wanted exchange, when 
the called subscriber’s number is repeated over the 
trunk line. 

The electronic register-translator is mounted on 
racks 4 ft. 6 in. wide and 10 ft. 6 in. high. The racks 
include a power pack feeding the register and trans- 
lator from the mains. In the centre of the rack is a 
panel containing miscellaneous equipment, including 
lamps that show which registers are in use, keys for 
taking registers out of service and comprehensive 
test points. 

Each register is constructed in the form of a “‘ book ” 
made up of 20 “leaves” and there are 20 registers 
to each rack. Each register is connected to the rack 
wiring by plugs which bridge corresponding multiple 
sockets on the register book and the rack. For main- 
tenance purposes the red transparent cover which fits 
over the front of each section can be lowered and it is 
then possible to separate any chosen pair of leaves to 
allow a test probe to be connected to any part of the 
leaf. If more comprehensive tests are necessary the 
whole register can be removed by disconnecting the 





bridging plugs. The translator rack accommodates 
three translators and two pulse generators, con- 
structed similarly to the registers. 


GRID CONTROL CENTRES. 

Some years ago it became apparent that the continual 
growth of the British Grid necessitated a corresponding 
development of its telecommunications systems. The 


Fig. |.—Book-form register unit for G.R.A.C.E. 


then British Electricity Authority (now the Central 
Electricity Generating Board), after carefully consider- 
ing the problem, decided that in the interests of 
efficiency and economy a standardised system of 
general indications, telephony and telemetering was 
desirable. Accordingly, a Telecommunications Tech- 
nical Committee was formed including representatives 
of the Authority and the three major manufacturing 
companies who had, over many years, provided the 
existing telecommunications equipment—Automatic 
Telephone and Electric Ltd., The General Electric Co. 
Ltd. and Standard Telephones and Cables Ltd. The 
standardised system then agreed is now largely in 
operation, the G.E.C. having been responsible for the 
provision of two grid control centres, one at Birming- 
ham and the other at East Grinstead. 

Basically, the Grid is a nation-wide network 
embracing all the power stations and main transmission 
lines, and providing a means whereby the generating 
equipment in the power station can be utilised in the 
most efficient manner. The country is divided into 
several areas and each has its own grid control centre, 
which supervises the area. Means are provided for 
transmitting operating instructions to each station in 
the area and for receiving from these stations up-to- 
the-minute information so that the grid control centre 
engineers are fully conversant with the circuit con- 
ditions existing in the area at any particular time. 

For signalling purposes and to reduce to a minimum 
the number of lines, stations have been placed in four 
categories according to their importance and geogra- 
phical position. These categories are parent, satellite, 
radial and minor. 

A parent station is connected directly by a 4-wire 
post office line to the grid control centre. Besides 
transmitting its own information to the control room, 
the parent station provides the means for transmitting 








60 Progress 1958 


information received by it from up to three satellite 
stations, each of which is connected to the parent by a 
2-wire or 4-wire line. Similarly, information from the 
control centre for the satellite stations is passed via the 
parent station. 

Radial stations are those which, due either to their 
size or location, do not lend themselves to parent- 
satellite working and, therefore, have their own line 
direct to the control centre. 

A minor station is a small grid station and is con- 
nected by line to an adjacent parent, satellite or radial 
station, which is referred to as its major station. 
Indications from the minor stations are transmitted to 
the associated major station where they are stored and 
re-transmitted with the major station’s indications to 
the control centre. 

The telecommunications equipment at the control 
centres is located principally in the apparatus and the 
control rooms. The apparatus racks are of the single- 
sided type 8 ft. 6 in. high and 4 ft. 6 in. wide. Com- 
ponents are assembled in apparatus units on jack-in 
plates and are mounted on the fronts of the racks only. 
Filter units and other miscellaneous items of equip- 
ment are strip-mounted at the rear of the racks. To 
facilitate future extensions and provide maximum 
flexibility, specially designed main and intermediate 
distribution frames are included in the layout. The 
apparatus room also includes a test desk (fig. 2) 
equipped with instruments and keys to allow the most 
comprehensive tests to be carried out. 

The control room houses the loading desk and 
loading diagram, and the switching desk and switching 
diagram. ‘The loading desk, which is illustrated on 
page 41, provides accommodation for two engineers, 
and is designed to give the engineers ready access to 
the instruments and keys. It is so located that the 
engineers have a clear view of all parts 
of the loading diagram. A turret wing of 
the desk houses 100-point instructors, 
which are provided ona basis of one per 
generating station. From here all the 
necessary instructions can be sent out. 

Recorders are mounted immediately 
behind the vertical face of the desk 
with apertures to allow the charts to be 
read by the engineer. The chart speed 
is 3 in./hr., and trolley mounting is 
employed to facilitate the daily removal 
of the charts from the recorders. 

The loading diagram shows all the 
feeders, interconnections and inter- 
area feeders in the area. For flexibility 
the whole face of the diagram is made 
up in mosaic form by 6 in. square 
moulded tiles. Each feeder is repre- 
sented on the diagram by a line 
between the stations or points with 
which it is associated. Meters are 
inserted in the mimic lines to indicate 
the loading of the feeder in watts, and, 
when required, in vars. These meters 
are continuously energised by the 


outputs from the telemetering groups associated 
with the feeder. ‘‘ Overload alarm” lamps and “line 
end open” lamps are also inserted in each diagram 
line. 

The switching desk can also accommodate two 
engineers, and houses equipment associated with 
telephone and telegraph calls to all stations. The desk 
is located so that the engineers have an uninterrupted 
view of the switching diagram. 

The switching diagram is made up in mosaic form 
similar to the loading diagram, but in this case the 
tiles used are 1 in. squares. The diagram shows 
busbars, feeder lines and inter-connectors. A com- 
bined key and discrepancy lamp represents each 
circuit breaker, while isolators and the other breakers 
are represented by keys only. The circuit breaker 
lamps are normally unlit, but when a breaker changes 
its position, the lamp representing it in the diagram 
flashes, an audible alarm is given, and a “ station 
alarm” lamp adjacent to the station name on the 
diagram also glows. When the engineer adjusts the 
position of the particular key, the lamps are extin- 
guished and the audible alarm is cut off. Thus, the 
diagram shows the actual position of all the breakers 
on the network at all times. Full telephone com- 
munication facilities are provided between the control 
centre and all stations in the area. 


ELECTRONIC EXCHANGE. 

During the year work has progressed steadily on the 
development of an all-electronic telephone exchange, 
a project which has been undertaken jointly by the 
British Post Office and the five leading British tele- 
phone exchange manufacturers, including the G.E.C. 
As a result, a laboratory model exchange has been 
constructed at the Post Office Research Station at 





Fig. 2.—Test desk in apparatus room at East Grinstead Grid Control Centre. 


Telecommunications 


Dollis Hill so that practical experience 
can be gained in the operation of this 
type of exchange. 


RADIO AND TELEVISION. 
AUTOMATIC ASSEMBLY. 

A significant advance in the trend 
towards the automatic assembly of 
domestic radio and television receivers 
has been made. The methods and 
equipment, which were briefly 
described last year,* have been ex- 
tended and applied to the production 
of the 14 in. television receiver, which 
is now built around three printed 
circuit panels. Its manufacture in- 
cludes a large measure of mechanised 
assembly and automatic testing. 

The printed circuit boards are 
processed in an automatic plant which 
has been designed and built as a 
production unit for the Company’s 
Radio and Television Works. It is 
believed to be one of the most 
advanced plants of its kind, and has possibly the 
largest capacity of any printed circuit processing plant 
in this country, being capable of handling 240 to 260 
sq. ft./hour of copper-covered phenolic board. 

Extensive investigation has shown that it is possible 
to subdivide the testing into simple stages and to 
arrange for each panel to be completely tested before 
insertion into the main frame. The turret and the 
three printed circuits, namely the I.F. panel, line 
time base and frame time base panels, are all tested in 
this way. The line and frame time base panels pass 
along a test unit and the I.F. panel, which comprises 
many tuned circuits, is tested on a separate unit, a 
sequence of operators each dealing with the testing 
and alignment of one section of the circuit. The turret 
is tested separately on another unit. 

The introduction of mechanically indexed con- 
veyors has enabled the electrical connections to the 
panels to be made automatically at each stage. When a 
fault is.detected a hole is punched in a card attached 
to the panel, which is then transferred by a conveyor 
to a “‘ rejection area”. Here the fault is located and 
rectified, the panel then being returned to the produc- 
tion line. Some aspects of the performance testing are 
completely automatic, and this feature of the installa- 
tion is being extended as the appropriate techniques 
are evolved and proved. A recent development has 
been the extended use of pulse measurement, which 
enables phase to be more effectively controlled during 
the alignment of circuits, and ensures a more con- 
sistent performance. 

The supply voltage is applied continuously during 
the movement of panels and receivers through test, 
either by spring-loaded connectors or overhead moving 
carriages. During the automatic movement of the 
completed chassis various tests are performed, in- 
cluding a safety check of certain mains wiring and a 

* G.E.C. Journal, Vol. 25, p. 68, January, 1958. 
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Fig. 3.—Radio frequency test unit for high-power transmitting valves. 


“ soak ” test to ensure stability of operation. Finally, 
the complete receiver is tested in its cabinet. As a 
further safeguard of satisfactory performance the 
Quality Control Department selects receivers from the 
production lines and subjects these independently to 
rigorous electrical and mechanical tests. 

Precise and consistent sound and vision test signals 
are provided throughout the factory from a central 
unit. 

This unit has 13 channels, each carrying sound and 
vision signals. There are also three V.H.F. frequency 
modulation channels. Two video signals are available ; 
Test Card “‘ C”’, generated by means of a monoscope, 
and a graticule, generated directly from electronic 
circuits. Audio signals are provided by modulating the 
appropriate carriers at frequencies of 400 c/s and 
1,000 c/s, and by music obtained from suitable 
broadcast programmes or from automatically repeating 
long-playing records. Switching is provided whereby 
the audio modulation is stopped every few seconds so 
that break-through of video signals into the sound 
channel can be detected. Another useful facility is the 
simulation of electrical interference such as that 
caused by car ignition systems. 

The various signals are distributed throughout the 
factory on two coaxial lines and at each outlet there is 
provision for the introduction of a 20 dB loss, to 
prove the performance of a receiver under poor 
reception conditions. The entire equipment is pro- 
vided in duplicate to ensure continuity of service, the 
spare units always being kept ready for immediate 
use. 

Among the many applications of mechanisation to 
the details of receiver production, mention may be 
made of the final packaging unit, which has special 
features enabling the packing of the relatively heavy 
and bulky receiver into its carton to be carried out 
with ease. The cartons are built into open box 
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form, from their flat-folded state, on an upper floor 
above the assembly track. They pass down a gravity 
roller conveyor to a position from which they can be 
inverted over the finished receivers on the track below. 
Each box then passes along the conveyor, its loose 
flaps being automatically closed, into a turn-over 
fixture which rotates easily to allow the final seals to 
be made. The package then rolls down the conveyor 
to the final inspection section. 


TELEVISION RECEIVERS. 

The Band III television service has expanded to 
cover more than 85 per cent of the British Isles and the 
further extensions planned for 1959 will increase the 
overall cover to 93 per cent. As the primary service 
area in Band III becomes fully defined it is possible 
to rationalise television receiver specifications and to 
use a standard sensitivity model over most of the 
country, with a special high sensitivity receiver for 
those small areas in which a weak signal is still 
received. 

Two new 17 in. screen models were introduced : 
a table model and a consolette with sliding tambour 
doors embodying plastic strips with a simulated 
wood grain finish. Design appearance is of great 
importance in this highly competitive field and the 
new models achieve sophistication and elegance. 

The 17 in. screen remains 
the most popular size, but the 
14 in. receiver is still in 
demand, particularly for use 
in small living-rooms. It 
now embodies important new 
technical features including 
automatic electrostatic focus- 
ing, which eliminates one user- 
control. The 90 deg. angle 
cathode ray tube not only 
reduces the cabinet depth and 
makes for a compact unit, 
but also provides a larger 
picture than the 70 deg. tube 
in a receiver of this size. 
Printed circuit panels are used 
throughout, assembled and 
connected in a manner which 
ensures easy removal and 
replacement in servicing. 

Further developments are 
in progress to achieve smaller 
receiver size using the new 
110 deg. cathode ray tube, 
opening a new field of design 
possibilities. 

Two new portable radio 
receivers were introduced, 
one a battery set with a 
ferrite rod aerial and 
the other a mains-battery 
portable. Both receivers are 
of a new shape suitable for 
table use. 


ACOUSTICS. 

A small “ Periphonic” loudspeaker cabinet has 
been designed which is particularly suitable for use in 
the average living room and which has the same 
technical advantages as the large enclosure first 
introduced last year. The two metal-cone loud- 
speakers are coupled to give a considerable reduction 
in harmonic distortion at low frequencies, and presence 
units, with a cross-over network, give a system which 
covers the range of 50 to 15,000 c/s without noticeable 
colouration of the sound reproduced. 


RADIO BATTERIES. 

A comprehensive range of layer-type batteries was 
introduced for use with the transistorised radio 
receivers now in service. The smallest has a volume of 
2 cu. in. and a capacity of 0-33 amp. hr. at 9 volts. 
The largest has a volume of 47 cu. in. and a capacity 
of 15 amp. hr. at 6 volts, which allows it to be used 
with the normal commercial transistor sets for more 
than twelve months without renewal. 


RECEIVING VALVES. 

During the past year, effort has been chiefly directed 
towards the production of special receiving valves, 
particularly high figure of merit, low noise, and 
special quality types for rough service conditions. 





Fig. 4.—Life-testing semiconductor devices at controlled temperatures, 
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Guidance Systems—“* The Seaslug ”’ 





Reproduced by permission of H.M.S.O. Crown copyright reserved 


The G.E.C. has been solely responsible for the development and manufacture of the guidance equipment 
for the Royal Navy’s first ship-to-air guided missile, ‘* Seaslug’’. The picture shows the interception of a 
Fairey ‘‘ Firefly ’’ pilotless target by a ‘* Seaslug ’’ missile. In this particular trial no warhead was fitted, 
otherwise the target would have been destroyed. The accuracy of ‘‘ Seaslug’’ has been proved in many 
recent firings when, even though no warhead has been used, the target has been destroyed by a direct hit. 
Radar equipment for the Royal Navy’s latest day-and-night all-weather fighter, the de Havilland ‘* Sea 
Vixen ’’, is also in production. The equipment almost certainly has a higher performance than any of its 
type now in service anywhere in the world. After locating the target at long range, the radar equipment is 
** locked on ’’, and will then follow the target regardless of fighter or target manceuvres. 
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Typical of this field of effort may be mentioned 
the R5559, a low-noise video amplifier valve used 
particularly in television cameras and now generally 
available. Another type which has become available 
is the A2738, a high-current, low impedance valve 
for telephone switching applications. This valve 
will be among those used in the Highgate Wood 
electronic telephone exchange in London. A new 
low-noise triode, the A2688, intended for radar I.F. 
amplifiers has been introduced. This has a very good 
noise performance, 1-3 dB at 45 Mc/s, and it is the 
first valve of its class available in a “ rugged ” form on 
a “ flying-lead”” base. A conventional version on a 
“ pin base ”, the A2599, is also available. 


MICROWAVE VALVES. 

Continued attention to the important and still- 
growing field of radar and radio communication in the 
microwave bands has resulted in a number of new or 
improved products during the past year. A particularly 
important type is the E2732, an X-band magnetron 
for marine radar. This valve incorporates a limited 
amount of mechanical tuning, with a relatively simple 
tuning device, and can be easily and inexpensively 
incorporated in equipments. Work has also been 
started on the production of a further tunable X-band 
magnetron, the 2J51A. The S-band 1-2 kW klystron 
KLS2, mentioned last year, is now being introduced 
into production, in an improved form. 

Travelling-wave tubes have received considerable 
attention and four types are available. One of these, 
the TWS1, is a valve designed for use in radio links 
working at frequencies around 2,000 Mc/s. An out- 
standing feature of the valve is that it can be used at 
the relatively high power of 30 watts without any 
forced or auxiliary cooling. This is achieved by using 
a specially designed convection cooling system. Other 
new travelling wave valves are the E2801, a low-noise 
valve for multi-channel radio links ; the E2802, a low- 
noise valve for S-band radar applications ; and the 
E2804, a 2-watt valve, mainly for use in multi-channel 
radio links working at frequencies around 6,000 Mc/s. 

A compact microwave generator embodying a new 
focusing principle has been developed in a programme 
of research for the Admiralty. 

The valve is an electrostatically focused backward- 
wave oscillator which has been named the “ Ophitron”’, 
after the Greek O¢is, a serpent, the word being sug- 
gested by the undulating path of the electron stream 
flowing along the structure. The device is unique in 
that no microwave oscillator incorporating periodic 
electrostatic focusing has previously been produced as 
a commercial device. The most striking advantages 
of the new oscillator are its small size (6 in. long and 
} in. diameter), and low weight (7 oz.). 

The “ Ophitron” system is simple to make and 
operate. A single stamped-out periodic structure, and 
two flat focusing plates, form the propagating path 
for the radio frequency wave, and set up the periodic 
electrostatic field which focuses the electron beam. 
The system has the fundamental advantage that the 


crests of the undulating electron beam are brought into 
the region of the maximum radio frequency field. This 
feature gives good coupling between the beam and the 
wave, yields a greater bandwidth than with the 
equivalent magnetically focused backward-wave 
oscillator, and a better noise performance is expected. 

The present “‘ Ophitron ” tunes electronically over 
at least a 40 per cent band in the 10,000 Mc/s region, 





Fig. 5.—Instrument cathode ray tube L.D. 536. 


but a range of such valves is envisaged, to cover the 
most important centimetre wavelength bands. It is 
expected that the new valve, which is ruggedly con- 
structed, will have many applications in commercial 
and military fields. 


GAS-FILLED VALVES. 

The GHT4, a high-power thyratron mentioned 
last year as the VX3250, is now generally available. 
The hydrogen rectifier E2710, which was in its 
experimental stage last year has proved successful and 
is now an established type. Maximum forward and 
reverse voltages are 10 kV and the maximum average 
current is 0°5 A. 


CORONA STABILISERS. 

The type SC.1 with a B7G base and envelope is 
regarded as standard, and the range of voltages 
available has been extended to cover 350 to 2,000 volts. 
Two new types have been introduced, the SC.3, 
which is smaller than the SC.1, has flying leads and is 
available at 350 and 400 volts ; also the SC.4, which 
covers the range 4,500 to 7,000 volts and has a B9A 
base and envelope. 


CATHODE RAY TUBES. 

During the past twelve months considerable 
development effort has been expended in connection 
with cathode ray tubes for radar uses and has resulted 
in a number of new types, of which four are particu- 
larly worthy of note. The 1252W is a new 5 in. tube 
with electrostatic focusing and is intended particularly 
for use in airborne radar equipment. There are also 
two 9 in. tubes, 2269Q and 2273Q, two 12 in. tubes, 
3069M and 3073Q, two 16 in. tubes, 4169V and 
4173V, all for use in radar equipments. A new instru- 
ment tube, LD536, has been developed, which com- 
bines the advantages of high sensitivity and a useful 
screen area, three degrees of sensitivity and scan size 
being available in one tube. A particularly useful 
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Fig. 6.—The ‘* Ophitron’’ electrostatically focused backward- 
wave oscillator. 


development for the television service engineer is the 
introduction of two 6 in. tubes, 1668 VTM (electro- 
static focusing) and 1668 VMM (magnetic focusing). 
These tubes are intended 
to form part of the engin- 
eer’s test equipment and can 
be quickly plugged into 
most television receivers for 
test and alignment purposes, 
thereby eliminating the need 
to handle the much heavier 
and bulky picture tubes. 


SEMICONDUCTOR DEVICES. 

To improve the effective- 
ness of the Company’s semi- 
conductor organisation, the 
development, manufacture 
and selling activities have 
now been co-ordinated under 
the title “‘ G.E.C. Semicon- 
ductor Division”’. This was 
announced in November last 
and experience has already 
shown that the integration of 
the activities enables the 
Company to give a more 
efficient service to the 
customer, not only in hand- 
ling orders and making 
deliveries, but also in the 


forward planning of development to meet customer’s 
requirements. 

In the course of the year the existing range of 
devices has been substantially extended and new types 
introduced. An important feature of the GET 3 
series of low-frequency germanium transistors is their 
unique construction which enables them to handle 
substantially higher powers than is usual with this 
type of device. A finned version of this transistor has 
a dissipation rating of 600 mW at 35 deg. C. and is 
very suitable for medium power audio-frequency 
applications. Two other exceptional features of these 
devices are their high value of cut-off frequency, 
typically 1 Mc/s, and their ability to switch high 
currents, in some cases as much as 0-5 A. A combina- 
tion of these characteristics enables a transistor to be 
offered which can switch high currents with such 
good rise-and-fall times that it is of particular value 
for certain ferrite core storage circuits used in digital 
computers. Further improvements in the design of 
this series of transistors are enabling the maximum 
junction temperature rating to be increased from 
65 deg. C. to 85 deg. C., resulting in a substantial 
increase in the dissipation ratings and hence in the 
amount of output power that can be handled. The 
lead wire configuration has been changed to conform 
to international standards, and a new, colourful, 
insulating covering makes the generic types easily 
recognisable. 

High frequency transistors with cut-off frequencies 
in the range 5 to 15 Mc/s are now in production. 
These are of particular interest to manufacturers of 
broadcast radio receivers and high-speed digital 
computers. The GET 7 series of power transistors is 
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Fig. 7.—Preparation of copper parts prior to closure of transistor envelopes. 
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also becoming available; the current and voltage 
ratings of these are as high as 12 A and 60 V respec- 
tively, making them attractive for d.c. converter and 
other high-power switching applications. 

The SX64 and SX63 series of silicon rectifiers are 
now freely available in a variety of peak inverse 
voltage ratings up to and including 800 V. These 
rectifiers are also made to comply with the rigid 
production and testing requirements of the CV4000 
“reliable ” specifications. A range of Zener diodes 
includes types with extremely low temperature 
coefficients and very close tolerances. 

The production rate of the GEX541 germanium 
power rectifier has continued to rise as increased 
ratings and significant price reductions have extended 
the demand. First samples of a silicon version of this 
diode are becoming available. Improved efficiency in 
production and commercial operations has enabled 
substantial reductions in selling prices to be made 





Fig. 8.—Semiconductor rectifiers for currents up to 2:5 A. 


while at the same time the quality of the products 
offered has been continuously improved. All types are 
available for early delivery. 


POT CORE ASSEMBLIES. 

A range of ferrite pot core mountings has been pro- 
duced to ease the problem of finishing coils wound on 
“* Gecolite ” pot cores. There are six types in current 
production, four for fixed inductors and two for vari- 
able inductance devices, and the design affords positive 
clamping of the two halves of the pot core. A two- 
hole mounting plate is provided for fixing the whole 
assembly to a chassis, and a tag board with four 
soldering tags may be fitted to any one of the three 
available sides of the square assembly. 

Alternatively, one, two or three tag boards may be 
fitted allowing for four, eight or twelve coil termina- 
tions respectively. Of the variable inductance types, 
one has been developed for use with printed circuit 
techniques, the assembly being held in position by 
three tabs. The other type is intended for normal 
wiring methods, chassis mounting being accom- 
plished by means of a threaded collar and nut. Both 
types are provided with six soldering lugs for coil 
terminations. The inductance is varied by the move- 
ment of a ferrite rod carried in a nylon bush, and an 





Fig. 9.—Low and medium power transistors for medium frequencies. 


inductance change of approximately 20 per cent may 
be achieved. The assembly of these variable inductors 
is both simple and effective and is done without the 
use of a complicated jig. 


TOROIDAL CORES. 


Toroidal cores of “ Gecalloy” powder Type III 
are now being produced in sizes which meet American 
standard specifications. These high-quality cores are 
being marketed in the U.S.A. under the trade mark 
of “‘ Genalex ”, and are being supplied over a range of 
permeabilities from 14 to 140. As a result of this 
expansion of activity, toroidal cores are now available 
in 21 sizes and nine separate permeabilities. In 
addition, high-grade powder in a form suitable for 
pressing into toroidal cores is being supplied in bulk 
quantities to an American manufacturer who has 
standardised production on this material. 


RUGGED QUARTZ CRYSTALS. 

A recurring problem in the manufacture of quartz 
oscillator crystals is the provision of units capable of 
satisfactory operation where extreme conditions of 
vibration and accelerations of the order of 20 g are 





Fig. 10.—High-frequency transistor, complete and un-canned. 
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Fig. 11.—Stack of GEX541 diodes with output of 24 V, 33 Aat 
35 deg. C. 


encountered. Such conditions are met in mobile 
apparatus, and particularly in guided missiles and other 
equipment for the Services. The problem arises from 
conflicting conditions whereby the design that allows 
the best electrical performance, with regard to stability, 
frequency tolerance, etc., is generally one which leaves Fig. 12.—Rugged quartz crystal for guided missiles. 
the crystal susceptible to vibration and 
acceleration. 

By a careful study of the factors 
involved it has been found possible to 
reconcile these conflicting conditions. 
A range of crystal units has been 
designed which gives the best possible 
electrical performance for normal 
applications, yet will also operate 
satisfactorily when subjected to a 
functional test during which the 
applied vibration is swept from 30 c/s 
to 2,000 c/s, while the peak accelera- 
tion is maintained at 20 g, the test 
being meade in three mutually per- 
pendicular planes. The range of 
crystals covered by this design is 
1 Mc/s to 15 Mc/s in the fundamental 
mode, and 15 Mc/s to 40 Mc's at the 
third overtone. 











Fig. 13.—Range of ‘‘ Gecolite ’’ pot core mountings. 
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Heating and Ventilation Engineering 


PROCESS HEATING. 
ELECTRICAL FURNACES. 

Continuous research and engineering development is 
enabling demands for more compact and _ higher- 
powered installations to be met by the production of 
furnaces of even greater efficiency. Very large electric 
furnaces are being built with ratings higher than ever 
before. The last year has seen a marked extension of 
activity in the field of vacuum furnace technology and 
more and improved furnaces are being supplied. 
Great advantages are also being secured by co-opera- 
tion with other manufacturers including European 
firms prominent in this field. An example of this is the 
liaison established with the Austrian firm of Metall- 
werk Plansee who hold patent rights for the manu- 
facture of certain furnaces heated by molybdenum, 
tungsten, and tantalum elements. A working agree- 
ment has also been reached with the firm of Vacuum 
Industrial Appliances which specialises in vacuum 
equipment. Thus, the G.E.C. is able to supply a 
range of vacuum furnaces with various types of 
heating elements and incorporating up-to-date vacuum 
techniques. This pooling of information not only 
brings the contracting parties immediate production 
advantages, but also ensures the formation of a reservoir 
of knowledge and technical skill which will enable 
the'» to meet changes in economic conditions which 
r.., be produced by the European Free Trade Area. 

As a result of an agreement made with the Société 
Ugine-Infra of France, furnaces of G.E.C. design have 
been supplied to a number of firms on the Continent. 
These furnaces include two batch type gas-carburising 
furnaces, using the drip-feed technique. The new 
batch-type furnace, which is illustrated in fig. 1, 
allows the hardening process, including cooling and 
quenching, to be completed without exposing the 
charge to the air. 

Another trend in vacuum furnace design, and 
indeed in heating engineering as a whole, is standardi- 
sation, both in size and output. An example of the 
compact, standard laboratory unit mentioned last year* 
has been supplied to Rolls-Royce Ltd. (fig. 2). 
Although the working space of this furnace is only 
3 in. in diameter and 6 in. in height, it is rated at 
15 kW and can operate at temperatures up to 1,800 
deg. C. with a vacuum of 10 ®° mm of mercury. The 
furnace tank is so positioned that vertical pressure can 
be applied to a hot charge. Fig. 3 shows one of the 
two vacuum furnaces supplied to the G.E.C. Rectifier 
Works at Witton. This has a graphite element 


* G.E.C. Journal, Vol. 25, No. 1, p. 75, January, 1958 





assembly providing heat treatment temperatures up 
to 1,200 deg. C. and it is fitted with radiation screens 
of stainless steel and molybdenum. The working 
space is 15 in. in diameter and 24 in. in height, and 
the unit is rated at 120 kVA. 


HIGH-FREQUENCY HEATING. 

In this field of heating also, the demand is for 
compact and versatile sets with the simplest of handling 
equipment. The success of the engineers in meeting 
these demands is shown, first, by the introduction of 
the new continuously rated 25 kW dielectric heater. 
This, though of only the same frame size as the 18 kW 
heater introduced last year and occupying less than 
11 sq. ft. of floor space, will withstand constant use in 
exacting conditions with the utmost reliability. The 
heater operates at a frequency of 20 Mc/s. 


Fig. |.—Batch-type furnace for gas carburising. 
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Success in meeting the demand for versatility and 
simplicity is demonstrated by the twin-work-station 
sets available in both the 7 kW and 18 kW sizes. The 
twin-station sets are fitted with two output work 
coils which are energised alternately. Thus, a work- 
piece can be loaded at one station while a similar 
workpiece is being heated at the other. By fitting 
two dissimilar output transformers it is possible to 
treat two very different types of work. To some 
extent the shortage of skilled labour accentuates the 
trend towards simple fixtures and the avoidance of 
complicated and expensive automatic fitments. 

The remarkable versatility of these high-frequency 
furnaces is demonstrated by three widely differing 
applications of the 7 kW induction heater. Fig. 4 
shows one of these heaters installed at the Coldair 
factory for hardening the entire surface of refrigerator 
compressor shafts in one operation. In this case, the 
heater has been fitted with automatic handling gear 
including a vertical hopper feed and pusher bar to 
move the compressor shafts into the coil and sub- 
sequently into an oil quench tank. The heating time 
is 2} min. and the production rate of hardened shafts 
is 24 per hour. 

Another industrial application of the 7 kW heater is 
for soft-soldering operations in the G.E.C. Trans- 
former Works at Witton. It is used to solder nuts on 
the eight corners of the cans of oil-filled voltage regulat- 
ing transformers. Previously, this operation had to be 
performed by torch and took 15 min. With the H.F. 
heater, the operation can be completed in 6 min. and 
the risk of rejection due to oil leakage at the joints is 
eliminated. 

A very different application of the 7 kW heater is its 
use in the study of Biomechanics in the Faculty of 
Engineering at King’s College, London, where a high- 
frequency induction melting equipment has now been 
installed. The induction furnace meets the need for a 
simple and convenient method of melting, without 
contamination, small quantities of metals for fabri- 
cating parts to replace diseased bones, and for produc- 
ing experimental alloys which are subsequently tested 
for their mechanical properties and biological compati- 
bility. Considerable progress has already been made 
in the surgical treatment of diseases of leg bones. 
Owing to the complex shapes involved, metal implants 
for bone replacement are produced by casting and the 
moulds for this are made by the lost-wax process. 
This equipment can melt some 10 lb. of cobalt in 
20 min. 


WELDING. 
ARGON-ARC WELDING. 


The process of sheathing cables by the argon-arc 
welding of aluminium strip is now fully established 
and among the recent orders which Pirelli-General 
have undertaken for British Railways are 50-60 miles 
of aluminium-sheathed signal and communication 
cables for the Eastern Region, Colchester to Clacton 
electrification scheme, and 18 miles of 30-1 sq. in. 
33 kV oil-filled feeder, with pilot and supervisory 





Fig. 2.—15 kW vacuum furnace for Rolls-Royce Ltd. 


cables, for the East Kent electrification scheme on the 
Southern Region. 

The quality of the welded sheath and reliability of 
the sheathing equipment is now well proven. Research 
work is continuing to improve methods of sheath 
forming and to increase the speed of sheathing. 

The argon-arc welding process has also been 
applied to a wider range of materials including the 
manufacture of copper sheath having a wall thickness 
of 0-010 in., and welded at speeds of 30-40 ft./min. 
The same technique is also used for the joining of 
lengths of metal strip to provide material for a con- 
tinuous sheath. A special machine installed at Pirelli- 
General for the joining of copper strip for coaxial 
cable conductors has effected a considerable reduction 
in cost of materials. Interest is being shown by other 
cable manufacturers in this type of equipment and the 
joining process has been developed whereby spot 
welds are made by an argon arc struck for a precise 
length of time. The technique is particularly suited to 
the joining of light to heavy gauge sheet steel com- 
ponents, where it is important that the surface of the 
thinner member is not disturbed during the welding 
cycle. Its use in the assembly of domestic equipment is 
being explored. 


RESISTANCE WELDING. 


A new small welder has been developed for the 
assembly of delicate parts such as transistor com- 
ponents and electronic valves. The welder, which has 
a maximum rating of 3 kVA, can be controlled to give 
welding times from 0-01 sec. to 0-12 sec. and electrode 
pressures ranging from } lb. to 16 lb. Very fine work 
can be handled—for example, wires down to 0-0003 
in. diameter can be joined to sheet metal. The 
comfort of the operator has been considered in the 
design and the welding unit has been mounted on a 
universal joint so that the electrodes can be brought 
to any position convenient for working—an important 
factor in the successful joining of fine work. 
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INFRA-RED HEATING. 


One marked advantage of radiant heating is the 
small size of plant required in comparison with other 
heating methods. It fills the modern demand for 
compact units of lightweight construction and also 
lends itself particularly well to the production of 
standardised units, such as those developed for the 
new quartz tubular lamp, and to the installation of 
overhead assemblies which save a great deal of space. 

A new reflector unit in the form of a trough has been 
developed for the | kW quartz tubular lamp introduced 
last year.* From this standard unit multiple heaters 
for specialised uses can be built up giving two to 
three times the heating effect of normal fittings. 
Among the more unusual applications may be men- 
tioned that of thawing ice-cream off the conveyor belts 
in the packaging plant. 


PAINT STOVING. 

Fig. 5 shows an example of an overhead paint- 
stoving installation consisting of sheathed-wire element 
plants suspended from roof structures. The plant is 
18 ft. long, this figure including the 3 ft. unheated 
vestibules at each end, and has a maximum rating of 
72 kW. The illustration shows the considerable saving 
in floor space which results not only from an overhead 
installation, but also from a rising conveyor. The 
plant is installed at the works of the Sunderland Forge 
and Engineering Co. Ltd. and is used to stove paint 
on a variety of articles including cabinets for electrical 
gear ; a similar installation at A. Reyrolle & Co. Ltd. 
is used to stove paint on instrument boxes. 


* G.E.C. Journal, Vol. 25, No. 1, p. 78, January, 1958. 





Fig. 3.—120 kVA vacuum furnace. 











Fig. 4.—Induction hardening equipment. 


Many infra-red, sheathed-wire element, paint- 
stovine equipments have been successfully installed 
overseas. These include a 108 kW plant at Nairobi 
for treatment of a variety of items of office equip- 
ment, a similar plant with a rating 
of 90 kW, in Nigeria, and a 168 kW 
plant supplied to the Standard Motor 
Company Ltd. of India for stoving 
parts of Ferguson Tractors. 


NYLON SETTING. 

The success of the panel-type 
infra-red piant in providing the rapid, 
uniform and accurately controlled 
heating required for the setting of 
synthetic textiles has led to the 
installation of many more plants. 
Textiles finishers are realising the 
special advantages infra-red heating 
offers over hot air equipment—in 
particular its comparatively low cost. 
Fifteen plants, including some in 
India and Australia, have now been 
supplied for gelling p.v.c. coatings 
or for setting synthetic fibre fabrics. 
In a nylon setting plant recently 
installed at the Netherplace Works of 
Wallace & Co. Ltd. the infra-red 
radiation is obtained from three 
element panels, each over 7 ft. wide, 
and having a total maximum loading 
of 96 kW. The plant handles fabrics 
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Fig. 5.—Overhead paint-stoving installation at Sunderland. 


from 36 in. to 72 in. in width, this variation in 
effective width being obtained by separate switch- 
ing of the outer elements and the use of movable 
side reflectors. 

A recent development has been the 
introduction of an improved method 
of protecting fabrics from damage by 
overheating in the event of a stoppage 
of the conveyor. With this new 
method, the face of each heating 
panel is provided with a multi-bladed 
shutter, the blades of which are 
normally held open by an electro- 
magnet. If, for any reason, the move- 
ment of the fabric stops, the supply to 
the elements and to the magnet is 
automatically cut off and the shutter 
blades close to form a metal barrier 
between the heat source and the 
fabric.. A panel type plant fitted with 
this new protective device is shown 
in fig. 6. This is installed ct the 
Gourock Ropework Co. Ltd. where it 
is used both for the gelling of p.v.c. 
coatings and the setting of nylon 
materials. The plant uses four 
heating panels each 6 ft. 6 in. wide 
and will handle materials up to 
67 in. wide. Both this and the 





Wallace nylon setting plant mentioned on page 70 are 
fitted with the automatic temperature controllers 
previously described.* 


INFRA-RED HEATING FOR BONDING OF LAMINATES. 

A new bonding technique to reduce the cost of 
making laminates and to speed production has been 
introduced by the Armstrong Cork Co. Ltd. This is 
achieved by using a rubber solution adhesive which is 
heated rapidly in an infra-red plant to evaporate the 
solvents and reactivate the adhesive. The time needed 
for the complete bonding process has been cut to a 
few minutes and expensive processes and curing 
ovens are no longer required. A demonstration unit 
for this process has been made ; the infra-red heating 
lamps are mounted horizontally in reflector units, and 
reflector sheeting, enclosing the plant as far as possible, 
prevents losses by stray radiation. The plant has a 
loading of 7 kW and will accommodate sheets up to. 
2 ft. 6 in. in width. The normal time required to 
heat an adhesive coating to the required temperature 
is only 60 seconds. 

The new bonding technique is already in use for 
joining linoleum to metal in the assembly of steel 
desks and for bonding vitreous enamelled sheets to 
asbestos to make panels for wall coverings. Other 
applications include the sandwiching of a honeycomb 
of resin-impregnated paper between wood, plywood, 
hardboard or metal sheets to make curtain-walling ; 
a material which is both strong and light. A production 
line occupying only 360 sq. ft. of floor space can 
produce some 2,500 sq. ft. of laminates per hour. 


RESTORATION OF PAINTINGS. 
An unusual application of heating techniques is the 


* G.E.C. Journal, Vol. 25, No. 1, p. 78, January, 1958, 





Fig. 6.—Infra-red plant for gelling p.v.c. coatings. 
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heated table which has been supplied to the Tate 
Gallery for use in the restoration of paintings. The 
table consists of an electrically-heated aluminium 
plate, operating at temperatures up to 90 deg. C. and 
mounted on a rigid tubular steel framework. It is 
provided with a fan for forced cooling and a vacuum 
pump for sealing purposes. Heating is provided by 
special low temperature elements distributed below 
the whole usable surface, an area 9 ft.x5 ft. The 
elements are arranged in two zones, one of which is 
provided with voltage regulation so that the input to 
the outer areas can be adjusted to compensate for any 
excess cooling at the edges of the plate. Once adjusted, 
the surface temperature of the plate can be maintained 
automatically with a variation of not more than 
4 deg. C. A device affording protection against excess 
temperature is fitted to the underside of the plate. 
A temperature recorder can be used to give a perma- 
nent record of temperature during the working 
period. 


SPACE HEATING. 

To follow up the great success of the “ Nightstor ” 
heaters which have been in use for the past few years 
a new range of “ Nightstor ” storage heaters has been 
designed and is in production. The use of a storage 
brick of higher density and thermal capacity has 
enabled the heaters to be made smaller. Particular 
attention has been paid to reducing the floor area 
occupied by the heaters and to making the projection 
from the wall as small as possible. For simplification, 
the design of each heater is based on one size of storage 
block and element panel. The three sizes of storage 
heater have loadings of 1, 14 and 2} kW, and are 
designed to receive a charge of up to eight hours 
during the “ off-peak ” period. The 2} kW heater is 
made in two sizes of case to suit different heating 
positions. The new “ Nightstor” heaters comply 
fully with the E.D.A. recommended standards which 
come into force in April, 1959. 

A range of narrow beam radiant heaters has been 
introduced to provide a source of local heat for use in 
workshops, stores and places where the general level 
of temperature may be low. The heaters consist of 
sheathed wire elements mounted in anodised alumi- 
nium reflectors which are arranged for mounting 
above head level. Units with loadings of 1} kW and 
3 kW are available. 


SPECIAL PURPOSES. 

The G.E.C. is one of the leading manufacturers of 
heating elements in the country and the last twelve 
months have seen a large increase in sales of elements 
for domestic appliances and for many special purposes. 

For canteen use, there is a new range of 3, 6 and 10 
gallon stainless-steel water boilers, and the industrial 
cooking ranges are now built in standard units which 
can be combined into multi-oven ranges. Among 
numerous heating appliances which have been re- 
styled mention may be made of the wide range of 
laundry and tailoring irons designed to suit the varying 


needs of laundries, bespoke tailors and manufacturing 
clothiers. 


FAN ENGINEERING. 

Developments in Aerofoil fans by Woods of Col- 
chester Limited have considerably extended the scope 
of the range. Sixty in. and seventy-five in. diameter 
sizes have been introduced, giving air volumes up to 
75,000 c.f.m. with standard impellers. Most standard 
motors have been up-rated in accordance with 
B.S.2613 by the use of insulation to the requirements 
of Class E of B.S.2757, the power output available 
from the largest sizes having been raised to 50 h.p. per 
stage with standard motors. 

Further up-rating has been introduced by the use of 
Class F and Class H insulation schemes which, in 
similar forms, have in the past been used only on 
down-rated motors for operation in high ambient 
temperatures. 

A further development to extend the volume range is 
the introduction of Aerofoil fan impellers having only 
one-half or one-third of the normal number of wings. 
These fans are used to obtain the maximum air 
volume displacement at reduced pressure within the 
power limitations of the motors and thus enable air 
volumes up to 100,000 c.f.m. to be obtained. This 
type is generally confined to the 48 in., 60 in. and 
75 in. diameter sizes and finds application for such 
equipment as cooling towers and heat exchangers. 

Guide vane fans have been introduced to cater for 
applications requiring a pressure development inter- 
mediate between that of the single-stage fan and the 
two-stage contra-rotating type. There are two types : 
downstream guide vane single-stage fans in two sizes, 
24 in. and 30 in., with power outputs up to 50 h.p. ; 
and two-stage fans operating on a double shaft 
extension motor with inter-stage guide vanes. The 
impellers have hubs drawn from the adjustable pitch 
series, but fitted with shorter wings, enabling the 
maximum tip speed to be raised from 15,000 to 
24,000 ft. /min. 

In addition, an attachable downstream guide vane 
unit, designed primarily as an air straightener, is now 
offered for use with single-stage fans. In certain 
instances this unit will produce an increase in static 
pressure up to 15 per cent without increasing horse- 
power. It can also be employed to ensure even air 
distribution in duct branches placed immediately 
downstream of a single-stage fan. 

New dampers of the butterfly type with semi- 
circular vanes have been introduced in sizes to 
coincide with Aerofoil fan diameters. A hand-operated 
type is produced for regulation of air flow, having a 
screw and link mechanism with hand-wheel control 
for setting the angular position of the vanes. This 
will hold the vanes firmly against the loads imposed by 
air pressure. 

An air-flow operated version is available without 
vane angle setting mechanism, the vanes being auto- 
matically operated by the movement of air through 
them. This type is used to prevent back draught 
through a stationary fan in plenum systems where 
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fans operate in parallel or where standby fans are 
installed. Automatically controlled, power-operated 
forms can also be offered in suitable cases. 

The loss of fan performance with the vanes in the 
open position is generally less than five per cent in 
volume at constant system resistance. In the closed 
position the volume flow is reduced to approxi- 
mately ten per cent of normal. 

The Woods silencer has been redesigned to reduce 
weight and cost and to enable it to be galvanised. 
All Aerofoil fans and ancillary equipment are now 
hot-dipped galvanised. 

The study of fan sound levels has been extended and 
data on the subject issued in a new form in the latest 
edition of the Aerofoil fan catalogue, V.1089. For the 
first time in commercial fan practice the new informa- 
tion enables the quality of the sound produced to be 
assessed in terms of octave band analysis. 

A new range of small-diameter Aerofoil fans, for 
cooling electronic equipment, has been produced. 
Having a short casing covering the impeller only, 
these are made in diameters of 3-8 in., 4-8 in. and 
6 in. 

Another development in this category is a new 
1-5 in. downstream guide vane fan for cooling air- 
borne electronic equipment, of the same family as the 
2-4 in. size already offered. Operating on a 400 c/s 
3-phase supply, this runs at 22,000 rev./min. and 
develops a static pressure of 1-4 in. w.g. 

A new 3 in. centrifugal fan has been introduced for 
applications requiring relatively small air flow against 
pressure. It embodies the smallest 2-pole shaded- 
pole motor made by Woods of Colchester, and is 
suitable for a 50 or 60 cycles supply. Special types 
suitable for a 400 cycles, 3-phase supply are available 
if required. 


DOMESTIC APPLIANCES. 
FIRES AND HEATERS. 

Among the many changes in domestic appliances 
made during the year the following are of interest. 
Two new fires were introduced, one the “ Cosyglo ” 
2 kW reflector fire with a multi-facet channel- 
shaped reflector providing a wide zone of comfort for 
a family Sitting in a group around it. This fire is of 
modern design and has a hinged visor guard which 
falls automatically into position after it has been 
lifted for cleaning the reflector. The second fire to be 
added to the range has a loading of 1 kW, is of a sturdy 
and portable form, with legs widely spaced for 
stability. This fire also has a hinged self-returning 
visor guard. 

The “‘Cosyrad” heater is a low temperature 
radiator with a slim line and decoration that expresses 
the latest trends. It is designed for use as a free- 
standing heater, or for wall mounting. The output of 
heat is largely by radiation at low level. 

The ‘“ Cosyvec” convector heater is of elegant 
design, with an expanded metal grille. Robust low 
temperature elements provide some radiation in 


addition to the heat conveyed by convection through 
the decorative mesh front, the radiant heat providing 
comfortable warmth at floor level. 

A new fan heater has been designed and is now in 
production. The maximum heat available is 2 kW, 
but switching is provided so that 1 kW can be obtained, 
cr alternatively, the fan run without any heat. For 
complete safety, the appliance has been made with 
double insulation throughout, and the spiral heating 
element is threaded on a glass rope which obviates the 
possibility of a short-circuit should the element sag 
or break. 


COOKERS. 

An outstanding new domestic appliance was the 
““ Supreme” eye-level-grill cooker. This cooker, 
which gained the Premier Award for Domestic 
Equipment at the Electrical Engineer’s Exhibition 
last year, incorporates all the refinements required by. 
the housewife: an extra-large oven at a safe and 
convenient height, with a counterbalanced drop- 
down door, three or four “ super-speed” radiant 
boiling plates, a general warming drawer and an eye- 
level grill. 


REFRIGERATORS. 

Various improvements have been made in refrigera- 
tors. A box type door construction consisting of an 
external channel-section frame with a recessed flat 
outer panel enables a very rigid door to be produced 
at a relatively low tool cost. This form of construction 
facilitates the provision of two-colour doors in the 
modern square-front style. A machine has been 
developed to weld automatically the interior panels of 
the 6 cu. ft. refrigerators. The metal members which 
form the top, back and sides of the interior are loaded 
into the machine and, after they have been locked into 
the correct positions by means of air-operated equip- 
ment, a water-cooled argon-arc welding torch is caused 
to traverse the joints, producing uniform butt welds. 
The entire operation takes about four minutes. 


KETTLES. 

A new manufacturing technique has been developed 
which allows the loading of the element to be con- 
centrated near the centre of the tube. They have been 
reduced in size and formed into a “ D ” shape, with a 
lower cross-section which at the same time provides a 
greater area of contact at the point of attachment to the 
head of the element. This construction allows very 
rapid heat transfer to the cut-out mechanism. 


DESK FANS. 

A completely new type of small desk fan has been 
designed and put into manufacture primarily for the 
low price, domestic home market. The requirements 
of low price and good appearance have been met by 
the use of a simple shaded-pole motor and of plastic 
construction for the body, blades and guard. 
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Research 


This section contains items from the Research Laboratories programme 
that have not been covered elsewhere in this Progress issue. 


LAMPS. 

One of the major problems in increasing the power 
loading of fluorescent tubes much above that of the 
5 ft. 80 W rating is to retain a high level of luminous 
efficiency. This depends upon the efficient production 
of resonance radiation at 2,537 A and 1,850 A in the 
mercury discharge. The production of this radiation 
is known to be a function of the electron temperature 
of the discharge, which largely determines the way in 
which the energy in the discharge is distributed among 
the various discharge processes. 

Measurement of electron temperature has, there- 
fore, become an important tool in determining the 
optimum design and operating conditions in highly- 
loaded lamps, particularly in ascertaining the most 
satisfactory values of tube dimensions, mercury 
vapour pressure, current density and rare-gas-filling 
composition. The double probe method of electron 
temperature measurement has proved to be the most 
convenient to use. Studies using this technique have 
indicated that, over the practical range of values, 
electron temperature is more dependent on mercury 
vapour pressure than on tube current. It has also 
shown that the composition of the rare-gas filling 
influences the efficiency of the lamp. The relation- 
ship between gas-filling, current density and electron 
temperature is receiving further examination. 

Largely because the colour of the light emitted by 
the sodium discharge is close to that to which the eye 
is most sensitive, the efficiency of sodium lamps is 
very high. It is, perhaps, not generally appreciated 
that the theoretical efficiency is some three to four 
times the achieved value, which in the 140 W rating is 
between 80 and 90 Im/W. Following a study of the 
utilisation of the heat in the discharge, efficiencies as 
high as 120 Im/W have been obtained in the Labora- 
tories in experimental lamps by the use of transparent 
heat-reflecting interference filters. Apart from the 
somewhat costly construction involved, difficulties 
arise in achieving the normal wattage loading of the 
lamp. 

In G.L.S. incandescent lamps, the relative import- 
ance of various design features which influence 
variability in performance has been derived mathema- 
tically from the fundamental properties of incandescent 
tungsten helices in a gas atmosphere. This work has 
been of importance in pointing the way to improved 
techniques in controlling the quality of incandescent 
lamps during manufacture. 


PHOSPHORS. 

A study of factors which influence temperature 
stability in phosphors has led to an interesting new 
series of barium halophosphates, activated by copper 
and tin, which exhibit better temperature character- 
istics than those normelly associated with the “ halo- 
phosphate ” family of phosphors. The relationship 
between the matrix composition and the temperature 
properties in the new series is being closely studied. 


TELECOMMUNICATIONS. 
TROPOSPHERIC SCATTER PROPAGATION. 

Since February, 1958, the Laboratories have been 
operating a link of 178 miles in length carrying five 
audio circuits. Originally a one-way link, it has been 
operating on a two-way basis since October. The 
transmitter, at Start Point, South Devon, radiates 
1 kW at 2,600 Mc/s and employs a klystron developed 
by the Laboratories. 


** EUROVISION *’ TELEVISION LINK. 

A new output amplifier stage, which has been 
installed in the transmitter of the British Broadcasting 
Corporation’s 2,000 Mc/s “ Eurovision ” link between 
Dover, England, and Cassel, France, gives an im- 
provement in the picture signal which can be received 
in France under adverse conditions. The original 
G.E.C. transmitter has now been in service for over 
four years. The new amplifier increases the output 
power of the transmitter to 21 watts, and makes use of 
a new travelling wave amplifier (TWS 1), which has 
been specially developed in the Research Laboratories. 
A feature which is unusual in valves of this power and 
type is that all cooling is achieved without using 
forced air or liquid cooling. 


COLOUR TELEVISION. 

During the past year considerable progress has been 
made in investigating the problems associated with 
receivers for domestic use. The latest experimental 
colour receivers fit into console cabinets only very 
slightly larger than the standard 21 in. black-and- 
white receiver and give colour pictures of studio 
monitor quality. 

Much basic research into the requirements for 
optimum performance in fringe area conditions and 
into the reaction of viewers to various small changes in 
picture characteristics has enabled economic circuits to 
be designed which involve no sacrifice of performance. 
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High quality flying-spot colour picture generating 
equipment has been installed in the laboratory so that 
really critical examination of receiver performance can 
be made. 

One of the criticisms often levelled at colour 
receivers is their deficient performance on mono- 
chrome transmissions. Progress in the latest G.E.C. 
experimental receiver is such that its monochrome 
performance can be described as excellent. The 
receiver carries only one viewer control (“ saturation ”’) 
in addition to normal monochrome controls and it 
automatically adjusts itself for a black-and-white 
picture when a non-colour transmission is selected. 
The complete circuit contains approximately twice the 
number of valves of a monochrome receiver and 
although more adjustments need to be made in the 
final test stage of construction these have been 
systematised and can be carried through without 
major difficulty. 


GAS-FILLED VALVES. 

An investigation of the factors controlling the 
efficiency of hydrogen-filled thyratrons and rectifiers 
has shown that there are advantages to be gained by 
replacing the hydrogen gas-filling by deuterium. The 
larger mass of the atoms in this “ heavy ” hydrogen 
results in reduced losses from the discharge so that the 
energy wasted while the valve is carrying current is 
correspondingly reduced. An additional advantage is 
that the breakdown voltage of deuterium is higher than 
that of hydrogen under given conditions. Conse- 
quently, higher filling pressure of deuterium may be 
used for a given anode hold-off voltage. 

The heavier gas has a de-ionisation time about 40 
per cent longer than that of hydrogen, but there are 
very few applications where this would cause trouble. 
There appears to be no difficulty in filling gas reser- 
voirs with deuterium and the G.E.C. pressure control 
system can, therefore, be used. It is expected that 
these experimental results will shortly be exploited in 
thyratrons and grid-controlled rectifiers. 


FAST OPERATING TRANSMIT-RECEIVE CELLS. 

In a radar equipment it is necessary to switch the 
aerial from the transmitter to the receiver during the 
time that the signal takes to travel to and from its 
target. For this purpose a transmit-receive cell, 
generally referred to as a T.R. cell, is used in which a 
heavily ionised gas acts as an electrical shutter diverting 
the energy from one channel to the other. The speed 
with which this shutter can be opened, following a 
pulse of transmitted power, is dependent on the speed 
with ‘which the ionised gas can be quenched. For 
short range targets, it is required to return the gas to 
its non-ionised state within a few millionths of a 
second of the cessation of the transmitter pulse. To 
achieve this rapid quenching, water vapour at a partial 
pressure of a few millimetres of mercury is often used 
as a constituent of the gas filling. The life of the 
switch is then dependent on length of time that this 
partial pressure of water vapour can be maintained in 
the switch. It is observed, however, that during 


operation the water vapour gradually disappears from 
the gas filling, a process attributed to the dissociation 
of the water vapour molecules in the arc discharge, 
with subsequent recombination of only a fraction of 
the hydroxyl and hydrogen ions to form water vapour. 

It is, therefore, desirable to find a method for 
replacing the used-up water vapour. Attempts to do 
this, using hydrated salts, activated alumina, and 
silica-gel, have hitherto been only partially successful 
owing to the difficulty of maintaining a constant water 
pressure over a jarge range of ambient temperatures 
from —20 deg. C. to +-120 deg. C. It is mainly in this 
respect that the replenisher recently developed repre- 
sents a great improvement on previous types. It 
consists of a large iron surface on which water vapour 
is adsorbed. The equilibrium pressure of water vapour 
in association with a prepared surface such as that 
contained in the vacuum envelope is controlled by the 
energy of adsorption, and is found to be constant over 
the temperature range quoted. 

The large iron surface is made from carefully 
cleaned, pure iron filaments. Water vapour is adsorbed 
on to this from a controlled vapour pressure source. 
The actual equilibrium pressure in association with the 
the adsorbed layers of water vapour on the iron surface 
is dependent on the total mass of water vapour 
adsorbed on the iron during the processing schedule ; 
this, in turn, is determined during manufacture by the 
choice of the crystal hydrate used as a source of water 
vapour at known pressure, and by the length of time 
for which the iron is exposed to the water vapour 
source. 

Using this filamentary material, it has been found 
that 2 mg. of water vapour can be adsorbed per gram 
of material. The mass of water vapour adsorbed on 
3 grams of iron compressed into 20 c.c. volume is 
sufficient to refill a switch with water vapour 50 to 60 
times at the initial filling pressure. This device has 
been applied with success to the T.R. cells at present in 
production, giving them the expected improvement in 
life while maintaining a short recovery time. 


THORIATED TUNGSTEN CATHODES. 

A study has been made of the production and 
evaporation of the thorium which activates the 
thoriated-tungsterr thermionic cathodes used for 
transmitting valves. It has been found that at the 
operating temperature at which the cathode surfaces 
are carburised, chemical reaction between the tungsten 
carbide and the thorium oxide included in the tungsten 
releases a continuous supply of thorium. When the 
cathodes are not carburised, thorium is produced at a 
significant rate only at a considerably higher tempera- 
ture, and when once the small excess of thorium 
then retained in the tungsten has been evaporated at 
the operating temperature, the cathode loses its 
thermionic activity. 

Studies are also being made of the effect of residual 
gases on the emission of barium dispenser cathodes 
used in microwave devices. It has been shown that the 
active layer of barium on the surface of the tungsten is 
de-activated by very small pressures of oxidising 
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gases such as air, oxygen and carbon dioxide, but is 
unaffected by nitrogen, carbon-monoxide or hydrogen. 


CATHODE RAY TUBES. 
Field Enhanced Luminescence. 


Cathode-ray tubes employing conventional multi- 
band or spiral post-deflection accelerator (p.d.a.) 
systems, suffer from the defects that if the ratio of the 
p.d.a. voltage to the final anode voltage is too large, the 
sensitivity is reduced and the scan becomes distorted. 
An “ ideal” form of p.d.a. could be achieved if the 
electron beam travelled in a field-free region between 
the deflectors and the screen, and then received an 
axial acceleration just before bombarding the phosphor. 
Such an arrangement might be obtained, for example, 
by having a series of very fine meshes located in front 
of the screen, although difficulty might be experienced 
in suppressing the secondary electrons liberated from 
the meshes. 

An alternative form of “ideal” p.d.a. system is 
being investigated in which the axial electrostatic field 
is applied across the phosphor. The phosphor layer is 
sandwiched between two conducting electrodes, one 
of which is transparent to enable the trace to be 
viewed. By applying a voltage between these electrodes, 
a considerable gain in light output can be achieved 
without distorting the raster. 


Limited-Area Cathodes. 

Work is continuing on the limited-area nickel 
matrix cathode. The advantages of this cathode are 
that it is capable of operating at a higher current 
density than is obtainable from oxide-coated types and 
that it is possible to manufacture cathodes having an 
extremely small emitting diameter. This enables a 
small spot to be focused on the screen. 

An assessment is being made of cathode life under 
varying conditions of current density and operating 
temperature. From this work it should be possible to 
deduce the smallest practicable size of cathode that 
can be used consistent with reasonable life performance. 


Magnetically Deflected Oscilloscope Tube. 

A cathode-ray tube, using an internal electro- 
magnetic deflection system, has been developed for 
oscilloscope applications, particularly in conjunction 
with transistors. The energy required for deflection is 
reduced by a factor of several hundred compared with 
conventional external magnetic deflection, and is 
similar to that required by electrostatic tubes. The 
deflector inductances are chosen to allow the tube to be 
operated conveniently over a frequency range from 
zero to a few megacycles per second. 


Stepped Deflector Oscilloscope Tube. 

The increased sensitivity now being obtained in 
conventional oscilloscope tubes has been gained at the 
expense of scan amplitude. There are, naturally, some 
applications where a different compromise between 
sensitivity and scan amplitude is preferred. To satisfy 
this demand, a tube having stepped deflectors has been 


1958 





» 3 ~ : 
a . 
n J 
De ee < , “ 


Fig. |.—Pulling equipment for large germanium crystals. 


developed. In this tube the signal plates are divided 
into three sections which the electron beam passes in 
turn as it travels to the screen. Connections to each 
section are brought out through the tube wall. By 
applying the deflection signal to one or more of the 
sections of the deflector plates, varying sensitivities and 
scan amplitudes can be obtained. 


Radial Deflection Tubes. 

Tubes employing conical deflectors fixed to the 
centre of the tube face have been used for a consider- 
able time. When a voltage is applied to the cone, the 
electron beam is deflected in a radial direction. The 
main difficulty with these tubes is that the wire making 
the external connection to the cone at the centre of the 
tube face obscures part of the trace. This can be over- 
come by depositing a metallic coating over the 
fluorescent screen, and making a low impedance 
connection between the cone and a contact at the side 
of the tube. A 5 in. tube embodying this technique is 
being developed. Other features of the tube are that 
it has a flat plate glass screen, equal sensitivities on the 
back and front deflectors and a pressed glass base. 


Tubes for Low Voltage Operation. 

Problems associated with the fluorescent screen 
arise when tubes are required to operate at low 
voltages. The majority of phosphor materials burn 
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fairly readily when excited by an electron beam of a 
few hundred volts energy. Special phosphors have, 
therefore, been developed for these applications. In 
addition, to overcome any screen charging effects due 
to poor secondary emission properties, a conducting 
coating is applied to the internal surface of the tube 
face. Using these techniques, tubes have been 
developed capable of operating at several hundred 
volts. 


MATERIALS. 
Single Crystals. 

Crystals of spinel-type ferrites and of ferrimagnetic 
garnets are being grown for studies in connection with 
microwave amplifiers. Certain of the garnets are 
particularly valuable in non-reciprocal ferrite devices, 
since they permit the use of these devices up to 
much higher microwave frequencies than was pre- 
viously possible. 

The spinel compounds have been grown in the 
form of single crystal rods by the flame-fusion method 
(as used for synthetic sapphire), but these 
crystals have too high an electrical conductivity 
to be useful. Alternative methods of growth 
are, therefore, being investigated. Yttrium iron 
garnet crystals of small size have been success- 
fully grown, and their properties are being 
studied. More refined techniques of growth 
are being developed, so that good quality 
crystals of larger size can be produced. 

There are a number of crystals now known 
to be ferroelectric, but none of them is fully 
suitable for use as a storage element in com- 
puters. Some of these crystals (e.g. guanidi- 
nium aluminium sulphate hexahydrate and 
triglycine sulphate) have been grown so that 
their ferroelectric behaviour can be investi- 
gated. A search for crystals with more favour- 
able properties is also being undertaken. 


V.H.F. Quartz Oscillator Crystals. 

The use of quartz oscillator crystals vibrating 
in a thickness shear mode on a mechanical 
overtone ‘enables the upper frequency limit 
for these devices to be increased considerably. 
Already crystals at 75 Mc/s are in production 
and experimental samples are being made to 
operate on their fifth overtone at 120 Mc/s. 

The latter crystals are only 0-003 in. thick and 

to obtain adequate activity at such frequencies 

the plates are highly polished. In addition the 
thickness and parallelism of the surfaces has to 

be controlled to extremely accurate limits. 

The crystals are adjusted to a precise frequency 
by the deposition by vacuum evaporation of a very 
thin film of gold, the metal films also acting as the 
electrodes. 

In parallel with the development of the crystal 
units, work is being carried out on the design of 
suitable miniaturised packaged oscillators for use at 
120 Mc/s. 
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SEMICONDUCTORS. 
GERMANIUM CRYSTALS. 

During the past five years considerable effort has 
been devoted to the development of equipment and 
techniques suitable for the growth of large germanium 
single crystals. These offer various production 
advantages, compared with small crystals, in terms of 
process efficiency, machine capacity, and overall 
output. The progress achieved is well illustrated by 
comparison of the crystals (fig. 2). The present 
5,000 gm. crystals, which are in normal production, 
are believed to be the largest pulled germanium 
crystals in the world. 


HIGH POWER SEMICONDUCTOR RECTIFIERS. 

The continued development of high power semi- 
conductor rectifiers has resulted in the introduction of 
an improved design of germanium rectifier and of a 
new silicon rectifier (fig. 3). Externally, the two 
rectifiers are identical in appearance, and in each the 
area of the rectifying junction is 2 sq. cm. The cases 
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Fig. 2.—Progress in germanium crystal production. 


are of ceramic-metal construction, with high-tempera- 
ture-brazed joints between ceramic and metal com- 
ponents. The final seal during assembly is made by 
welding abutting flanges in a dry, inert atmosphere. 
This method of construction gives the ruggedness 
required in a power rectifier, and the high grade 
hermetic sealing and freedom from contaminants 
which are essential in a semiconductor device. 
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Alternative types of copper base electrode in these 
rectifiers enable them to be clamped to cooling fins or 
coupled to jet cooling heads for liquid cooling. The 
forward and reverse characteristics of the air-cooled 
version of the silicon rectifier are shown in fig. 4. 


MATERIALS, INSTRUMENTS AND TECHNIQUES. 
HIGH-TEMPERATURE MATERIALS. 


In modern technology there is a continuous quest 
for materials to operate at very high temperatures. 
The carbides, borides, nitrides and silicides of some of 
the transition elements are possible compounds for 
such use, tantalum carbide, for example, having a 
melting point approaching 4,000 deg. C. Research 
into the properties and structure of these compounds. 
has shown that they have many properties character- 
istic of metals, and has led to a better understanding of 
the inter-atomic bonding forces pre- 
sent. The results have stimulated the 
development of a new theoretical 
interpretation of many of the pro- 
perties of the transition metals, their 
alloys and their compounds, based 
upon the importance of a relationship 
between the number of electrons 
taking part in bonding and the 
crystal structure of the material. This 
new approach not only explains many 
phenomena hitherto not understood 
but also points the way to new 
developments in the fields of high- 
melting-point alloys and compounds. 


ACCELEROMETERS. 

Accelerometers using the piezo- 
electric properties of ceramic barium 
titanate are in production and have 
found a wide range of applications, including vibration 
measurements on aircraft, missiles and machinery, 
and the vibration and shock testing of electronic 
equipment and packaging. These instruments are, 
however, limited to operation below 100 deg. C. 

Owing to the demand for accelerometers for use at 
higher temperatures, for example for measurements on 
jet engines, a special ceramic has been developed 
which is suitable for operation up to at least 250 deg. C. 
Several difficulties have had to be overcome in order 
to produce ceramic-to-metal bonds capable of with- 
standing the high temperatures, but suitable techniques 
have been developed. 

A novel feature of the new accelerometers is that 
they will be available with a second (low permittivity) 
disc to insulate the accelerometer output signal from 
the base stud. This arrangement permits the use of a 
screened pair of conducting leads, with a consequent 
reduction in microphonic noise. The voltage sensiti- 
vity is expected to be similar to that of the original 
accelerometers, while the charge sensitivity and the 
capacitance will be greater, permitting the use of the 
new accelerometers at frequencies lower than those 
previously employed. 


MAGNETIC THIN FILMS. 

Magnetic thin films show considerable promise of 
providing a storage element having advantages over 
the magnetic drums and ferrite toroids used in 
computers. The drums rely on mechanical rotation 
for the selection of the correct site for the writing 
and reading of information, and for many applica- 
tions their speed of operation is too low. The toroids 
are used in a system giving random access, so that 
information can be stored at, or extracted from, a 
selected site much more rapidly than from a drum ; 
even so, the speed of operation of the computer is 
limited by that of the toroids. In addition, the cost of a 
toroid store, including the associated circuitry, is 
rather high. 

An extensive theoretical study of the behaviour of 
magnetic thin films has been carried out, and it has 
been found that considerable improvements in their 
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Fig. 3.—Germanium and silicon high-power rectifiers with 2 sq. cm. junctions, water- 


cooled (left) and air-cooled (right). 


operation should be obtained by using a storage 
system which takes full advantage of their special 
properties, instead of one which merely uses the films 
as a direct replacement for ferrite toroids. Some 
novel storage systems have, accordingly, been designed. 
Experimental work is in progress to see whether the 
behaviour predicted theoretically can be achieved in 
practice. 


RADIATION PYROMETER. 

This instrument comprises a thermopile specially 
constructed to give an electrical output substantially 
independent of ambient temperature over a wide range 
of source temperatures. 

The device may be used with an aperture stop, or a 
system of collimating stops, in the path of the incident 
radiation. Alternatively, a radiation collecting probe 
may be employed. Polished rods of fused silica have 
been used effectively for this purpose in, for example, 
the monitoring of surface temperature in an induction 
hardening and tempering process where the source 
area was small and was normally obscured by quench 
oil, spray and smoke. 

The principle of operation is as follows : a target 


Research 





79 



































body “‘ T ” is mounted inside a cavity in an aluminium 600 
block, and is almost completely enclosed. Because of s 
the high thermal diffusivity of aluminium and the _ 2 
relatively thick wall the cavity may be considered to g 
be at a uniform temperature. z 
A narrow pencil of heat radiation is allowed to fall + 400 
on the target through a small aperture in the cavity A 
wall, raising the temperature of the target above that + 
of the cavity. The device is normally stopped down to ou 
restrict this temperature difference to a few degrees ° 
Centigrade. The steady temperature rise of the target 8 200 
above that of the cavity is then a measure of the 6 /| 
100 
REVERSE VOLTAGE y) 
600 500 400 300 200 100 ° 
OS IO IS 
20°C _— "| FORWARD VOLTAGE 
a 1 w 
—— ze 
< 
et | bee 
2020 


























Fig. 4.—Characteristics of air-cooled silicon rectifier. 


amount of radiation absorbed by the target and, 
indirectly, of the temperature of the source of radiation. 

When the temperature of the source exceeds a few 
hundred degrees Centigrade the temperature difference 
between the target and the cavity changes only slightly 
with the cavity temperature. A change of ambient 
temperature from 15 deg. C. to 50 deg. C. produces 
less than 5 per cent change in this temperature dif- 
ference when the source temperature is 300 deg. C., 
and the instrument’s indication of the temperature of 
the source will be in error by less than 6 deg. C. The 
effect of ambient temperature on the instrument 
readings falls with increasing source temperature. 

The output of the instrument naturally depends on 
the effective aperture of the pyrometer and the disposi- 
tion and surface condition of the source of radiation. 
With full aperture, the instrument responds to radia- 
tion from a cone having an included angle of about 
40 deg. although the peak sensitivity occurs within a 
cone of an included angle of 10 deg. 

A general view of the pyrometer head is shown in 
fig. 5. The target body consists of a number of 
thermo-junctions of 0-004 in. diameter wires disposed 
radially in the cavity within the instrument. The 
reference junctions are welded to a segmented annular 
ring which is clamped between the two halves of the 
pyrometer case. A thin film of resin is used to insulate 
this assembly from the case. The segmented ring 
serves not only to connect the thermo-junctions in 
series, but also to establish good thermal bonding of 
the cold junction to the case. Probes or aperture 
discs may be attached to the pyrometer by a screwed 
clamping ring at the aperture end of the case. Con- 
necting leads, in screened twin cable, are brought out 
at the other end of the device. 

The pyrometer requires calibration in any particular 
application but, once calibrated, is very consistent in 


performance and has a rapid rate of response. Although 
it was originally developed to monitor surface tem- 
perature in a progressive hardening process, with a 
sheathed probe to transmit the radiation through 
smoke and oil spray, it has also been used without the 
probe to monitor a similar induction tempering process. 
Other possible applications are thought to be : 

With the probe : 

Hardening and tempering by a progressive method. 

Induction melting. 

Furnace charge temperatures. 

Temperature measurements where the source is 

obscured by intervening structures. 

Measurement of the temperature of liquids. 

Without the probe : 

Strip and sheet rolling. 

Extrusion temperatures. 

Flame temperatures. 





Fig. 5.—Radiation pyrometer head. 
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IMPEDANCE BRIDGES. 
R.F. Impedance Bridge. 

A bridge for measuring the impedance of coaxial 
cables at frequencies from 100 Kc/s to 30 Mc/s has 
been constructed. It incorporates a novel cam drive 
which allows the measurement of resistance between 
70 and 80 ohms to be made to an interpolation accuracy 
of 0-01 ohm. Provision is also made for balancing up 
to +25 pF shunt capacitance. Measurement is made by 
comparing an unknown impedance with a standard 
resistor which is non-reactive over the frequency 
range of the bridge ; the overall accuracy is better 
than 0-1 per cent up to 20 Mc/s, and 0-3 per cent 
up to 30 Mc/s. 


Iterative Impedance Bridge. 

The iterative impedance of any four-terminal 
network is defined as that impedance which, when 
terminating the network, causes the input impedance 
to assume the same value. An impedance bridge has 
been constructed which allows the direct measurement 
of either balanced or unbalanced iterative impedances 
at frequencies up to 500 Kc/s, to an accuracy of 0-05 
per cent. The present bridge has a resistive range of 
100 to 200 ohms and provision for a shunt capacitance 
balance of up to 3,000 pF. It is suitable for measuring 
the impedance of short lengths of balanced-pair 
cable at frequencies for which conventional open- 
circuit and short-circuit measurements are affected by 
cable resonances. The bridge may also be used, with- 
out modification, to measure two-terminal impedances 
lying within its range. 


METER DIGITISER FOR TELEMETERING. 

A digitiser has been developed, for use in telemeter- 
ing and supervisory control systems, which may be 
added to a switchboard indicating meter to give a 
binary coded signal corresponding to the meter 





Fig. 6.—Instrument fitted with digitiser for telemetering. 





Fig. 7.—Pyrometer head monitoring a progressive hardening 
process. 


deflection. A seven-digit cyclic progressive binary 
code is used, the full scale reading of the meter being 
divided into 128 discrete steps. Thus the accuracy of 
the coder is better than | per cent full-scale deflection. 

The principle used is that of magnetic flux linkage. 
Thin magnetic laminations form 128 poles arranged in 
an arc behind the scale of the meter. Seven sets of 
coils are wound to embrace groups of two, four, eight, 
etc., poles, respectively. Each coil of each set is 
wound alternately clockwise and anticlockwise round 
each successive group of poles. There is also a common 
pick-up winding which embraces all the poles. 

A light strip of magnetic material, 
the width of one pole, is fixed to the 
pointer of the instrument so that it 
can move over the poles of the digitiser. 
When an alternating current is applied 
to one of the seven sets of coils, the 
phase of the output from the common 
pick-up winding will depend on the 
direction of the winding around the 
pole immediately under the strip. If 
the alternating current is applied 
sequentially to each of the seven sets 
of coils, the output from the pick-up 
winding will be in a dynamic binary 
code corresponding to the pointer 
position, a binary “1” being repre- 
sented by one phase of a.c. output 
signal and a binary “0” by the 
antiphase signal. The a.c. output 
from the pick-up winding is converted 
to d.c. in a phase discriminator. 

Used as just described the digitiser 
is said to be acting in a serial mode. 


Research 81 


It may be used in a parallel mode by applying excita- 
tion to the common pick-up winding and detecting the 
phases of the output signals from the seven sets of 
coils simultaneously. 


CALIBRATING MAGNETIC FIELDS. 

The measurement of magnetic fields by the classical 
method of ballistic galvanometer and search coil leaves 
much to be desired both in accuracy of field deter- 
mination and speed of measurement. A method of 
determining the gap flux density in a magnet to an 
accuracy of -+-0-06 per cent has been developed using a 
paramagnetic resonant technique. 


to its mass and is equal to 17-591 -+-10'° coulombs/Kg. 
The factor, g, is defined as the ratio of the magnetic 
moment to angular momentum of the fundamental 
particles comprising the material. For the particular 
material in question, DPPH (1,1-diphenyl-2-picryl- 
hydrazine), g is equal to 2-0036. 

If the flux density to be measured is approximately 
3,000 gauss, corresponding to an induction of 0-3 
webers per square metre, then the frequency as deter- 
mined by equation (1) will be about 8,400 Mc/s. 

A schematic diagram of the system is shown in fig. 8 
from which it is seen that the probe unit forms the 
continuation of a coaxial line system and is terminated 
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Fig. 8.—Schematic diagram of coaxial line system. + 


The essential feature of this method is that certain 
organic salts possess a number of unpaired electron 
spins, and for this reason they are called paramagnetic 
salts. If a sample of such a salt is subjected to the 
mutual action of the field to be measured and of an 
applied radio-frequency magnetic field, so arranged as to 
be spatially perpendicular to the first field, the sample 
will absorb energy from the radio frequency field pro- 
vided that its frequency satisfies the following relation : 


e 
— ycles , ] 
f s| a | cycles /sec (1) 
where B is the magnetic induction to be determined in 


a 2 - 
webers per mis the ratio of the charge of the electron 


in a crystal detector, the output of which is fed to a 
high-gain amplifier and displayed on an oscilloscope. 
Excitation is obtained by means of a C.W. klystron 
feeding power into a waveguide section consisting of a 
pad, a high Q-wavemeter and a waveguide to coaxial 
transition. A small pair of modulating coils is placed 
in the magnet gap so that the alternating magnetic 
field from the coils is superimposed upon the fields to 
be measured. The frequency of modulation can be 
any convenient value, for example, from 50 c/s to 
500 c/s, and the oscilloscope time base should be 
synchronised to this frequency. 

Assuming that an approximate estimate of the field 
to be measured can be made, the approximate resonant 
frequency required can be calculated using equation (1). 
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On tuning the klystron to this frequency, the 
output from the crystal detector as viewed on the 
oscilloscope will show a series of absorption “ pips ”, 
as shown in fig. 9, when the modulating frequency is 
sinusoidal. Each pip indicates a point in the modulation 
cycle at which resonance takes place. If the klystron is 
tuned for the condition of equal spacing, as in (c) 
where the pips occur at twice the modulation frequency, 
the frequency as measured by the wavemeter is that 
which corresponds to the static magnetic field whose 
value can then be obtained from equation (1). The 
pips shown in (a) and (6) represent magnetic fields of 
higher and lower values respectively. 

The method has been used quite successfully to 
measure the temperature coefficient of a permanent 
magnet of Alnico steel, and also the variation of flux 
density across the gap, with an accuracy of -+0-006 
per cent. 


X-RAY DIFFRACTION INVESTIGATIONS. 
EX AMIN ATION OF PYROPHORIC SUBSTANCES. 


During the past year, X-ray analysis has been 
applied extensively to the study of liquid bismuth 
slurries of thorium compounds. In these slurries 
intermetallic compounds which are relatively unstable 
in air are often formed and used. For example, 
thorium bismuthide, 7hBi,, formed by chemical 
reaction in a slurry, decomposes rapidly in air to 
bismuth and a virtually colloidal form of thorium 
oxide. Detection of 7hBi, by conventional X-ray 
diffraction methods is thus rendered impracticable. 
Special methods of handling samples for X-ray 
examination have been developed, therefore, to 
minimise oxidation at least for the duration of exposure 
in an X-ray camera. 

The materials under investigation fall into two 
categories: (a) Homogeneous products, generally 
preparations of intermetallic compounds for use as 
slurry components and containing not more than two 
phases. (6) Fragments of solidified slurry in which 
two or more segregated phases may occur in a bismuth 
matrix. 

Materials in category (a) are crushed under sodium- 
dried paraffin in an agate mortar until a fine sludge is 
formed. A thin-walled vitreous silica or Lindemann 
glass capillary of about 0-3 mm. internal diameter is 
then filled with paraffin and the sludge transferred to 
the capillary by means of a pipette (fig. 10). The 
solid phase separates to form a powder sample within 
the capillary. A convenient length is selected and the 
ends sealed with a quick-drying, non-aqueous glue. 
This specimen can then be mounted in a conventional 
X-ray powder camera. 

With materials in category (6), in which bismuth is a 
major constituent, atmospheric weathering of the 
segregated phases can be delayed by a surface applica- 
tion of cellulose lacquer. An edge of a treated fragment 
is then mounted at the centre of a conventional 
camera to act as a “powder” specimen. When 
phases with crystal sizes greater than about 5, are 
present, stationary specimens may give poor X-ray 
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Fig. 9.—Electron resonance signals. 


diffraction patterns. This difficulty has been elimi- 
nated in the present context by using a camera which 
provides for oscillation of the specimen about a pre- 
set angle to the incident X-ray beam and through a 
chosen angular range. As an example, these techniques 
have made possible the detection of ThBi, in con- 
centrations estimated to be less than 10 per cent by 
weight and with a crystal size of 15. ThABi, has also 
been identified as a fine-grained, and consequently 
highly unstable, precipitate in the reaction products of 
Th,A/ and bismuth. 


ALLOYS FORMED ON PLATINUM-CLAD MOLYBDENUM WIRE. 


Platinum-clad molybdenum wire is used in the 
manufacture of the grids of certain types of thermionic 
valve. Its behaviour at high temperatures is of practical 
interest, and X-ray studies of the crystal structure of 
the platinum coating have shown that changes occur on 
heating above 900 deg. C. Solid diffusion of molyb- 
denum into the platinum structure takes place and 
this causes alterations of the atomic arrangement. As 
the concentration of molybdenum increases it has 
been found that there are three successive structure 
transitions. That is, there are three platinum-molyb- 
denum alloys differing in composition and crystal 
structure. 

Results representing experiments carried out on 
0-1 mm. diameter platinum-clad molybdenum wire are 
given in table 1. Experiments were done also on 
wires of larger diameter, possessing thicker platinum 
coatings, but it was found more difficult to isolate 
single phase structures in these. The table indicates the 
composition of each phase, and the corresponding 
crystal structure as determined by X-rays. The first 
change to the f-tetragonal structure involves a lowering 
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of symmetry of the platinum lattice by contraction of 
two of the three fourfold axes relative to the third. 
The other transitions involve an alteration of the 
stacking of atom planes normal to one of the diagonal 
directions in the tetragonal 8 phase. The various 
structures are, however, so closely related to one 
another that transitions between them involve only 
very small atom movements and adjustments of lattice 
spacings. It appears that these coated wires may 
provide a convenient medium for investigating the 
structure of alloys of other platinum-group metals 
with molybdenum and tungsten. 


NEW FERROELECTRIC NIOBATE STRUCTURES. 

Earlier X-ray studies of substances with ferro-electric 
properties were chiefly concerned with those having 
perovskite-type crystal structures. Examples such as 
BaTiO. and NaNbO, and their solid solutions have 





Fig. 10.—Examination of pyrophoric substances : charging the 
capillary. 
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tetragonal, but that on cooling to the ferroelectric 
phase it becomes monoclinically distorted. The 
appearance of this spontaneous strain breaks the 
crystal up into sharply defined domains. X-ray 
studies of the system PbO.x (Nb,O;), where 1<x<3, 
have revealed that these structures are isomorphous 
with the tetragonal tungsten bronze structures K,.;- 
WO, and Nap.o, WO3. 

An interesting feature of these bronze structures lies 
in the fact that they permit of a wide range of solid 
solution with alkali or alkaline-earth cations of dif- 
ferent size such as K+, Na*, Li* and Ba?* and Sr’. 
Advantage has been taken of this by preparing solid 
solutions of the type (Pb/Ba)Nb,O, and (Ba/Sr) 
Nb,O,, all of which possess ferroelectric bronze-type 
structures. In particular, the replacement of Pb by Ba 
in PbNb,O, has markedly enhanced its ferroelectric 
properties and led to the development of useful high- 
temperature piezoelectric ceramics. 
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A detailed structure study of these solid solutions*® 
has also enabled the ferroelectric properties to be 
attributed to the perovskite-like groups of atoms within 
the bronze-type structure cell. These perovskite-like 
sub-units are monoclinically or tetragonally distorted 
in the ferroelectric condition, but achieve full cubic 
symmetry, as do perovskite-type structures such as 
BaTiO, and KNbO,, at temperatures above the 
electrical Curie point. Fig. 12 shows the variation of 
edge lengths with temperature for the perovskite sub- 
units in the compound (Pbp.,. Bay.,) Nb,Og. 

This work has established that although bronze- 
type ferroelectric structures are considerably more 
complex than the perovskite-type ferroelectrics, their 
electrical properties derive quite simply from the same 
characteristic grouping of NbO, octahedra about the 
alkali or alkaline-earth cation. 
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NUCLEAR POWER. 
IMPERMEABLE GRAPHITE. 

Graphite as used to slow down the fast neutrons in a 
nuclear reactor is a porous material permeable to gases. 
The manufacturer relies on this permeability to 
prevent the disruption of his product during the 
intensive heat treaments associated with the standard 
process. Some reactor-grade graphites undergo an 
impregnation treatment which improves the final 
density. Unfortunately, this does not effectively 
reduce the permeability, which is a disadvantage 
from several points of view. In the first place, corro- 
sion of graphite by hot gases can occur within the 
body of the moderator blocks and is not confined to 
their geometrical surface. In fact, every gramme of 
graphite exposes nearly } sq. m. of surface and in a 
reactor containing 1,000 tons of graphite this surface is 
of considerable importance. Furthermore, the perme- 
ability of the graphite is important to the engineer 
since it results in escape of gas from the coolant 
channels provided by the designer. On the other hand, 
an impermeable graphite would permit a design where 
the fission products are continuously pumped from 
fuel within an impermeable graphite tube in such a way 
that the coolant gas (outside this tube) is not contami- 
nated. This leads to very appreciable advantages. 
Finally, a completely impermeable graphite could 
have quite novel applications in reactor technology, and 
could also prove attractive for use in carbon dioxide, 
water, sodium and hydrogen-cooled reactors. For 
instance, it might be possible to take advantage of the 
low neutron absorption and extreme heat resistance of 
graphite and use it as a canning material in place of 


magnox, beryllium or stainless steel. The brittle 
nature of graphite would, however, be a limiting factor, 
but current research work is exploring the mechanical 
properties of graphites under nuclear irradiation and 
it may be that this problem will not be as serious as at 
first thought. 

Two development programmes have been under- 
taken in this field ; one to reduce the permeability of 
existing moderator graphites by an impregnation 
process, and the other to manufacture a completely 
impermeable material. In the latter case, it has been 
found necessary to abandon the existing process for 
making graphites, and the carbon atoms are built up 
in an entirely novel fashion. The first process has 
resulted in considerable reductions of the permeability 
of existing graphites and a million-fold improvement 
has been found possible. In spite of this improvement, 
however, gas can still enter the interior of the graphite. 
The totally impermeable material, on the other hand, 
behaves like a metal and has a gas displacement 
corresponding to the geometrical volume of the 
specimen, i.e. gas does not have access to the interior. 

Though both the developments referred to above 
have been aimed at reducing the permeability of 
graphites, the effects on other properties are also of 
great interest and potential value. For instance, it has 
been found that the mechanical properties of the 
original graphite are considerably improved after 
impregnation and this improvement has been obtained 
without sacrificing other characteristics. No deteriora- 
tion of permeability or mechanical properties has 
yet been shown to arise from neutron irradiation. 
The corrosion resistance of these materials in carbon 
dioxide atmospheres is basically similar to that 
of other carbons and graphites. However, the 
negligible surface area which the totally impermeable 
material exposes to gas provides a large advantage 
when corrosive conditions are encountered accident- 
ally. Continuous service under corrosive conditions 
is still not considered to be feasible. The new materials 
can have a very high purity and the impregnated 
product preserves the low neutron capture cross 
section of the parent graphite. The totally imperme- 
able material can also be made to conform to the 
standards of purity required of reactor materials. 
Finally, these materials undergo no phase changes up 
to graphitising temperatures (above 2,000 deg. C.), 
and so maintain the high stability associated with 
graphite. 

Most applications of a totally impermeable graphite 
call for a method of welding or joining graphite to 
graphite, or graphite to metals. Such a weld has been 
developed and can be used to make a strong joint, 
which does not permit the transpiration of gases even 
at reactor temperatures. 








